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P R E F A C E
The v e r y  e x t e n s i v e  u se  t h a t  i s  made o f  c h lo r o fo im  
a s  an a n a e s t h e t i c ,  i n  S c o t la n d  a t  l e a s t ,  i s ,  no d o u b t , i n  
l a r g e  measure  due t o  t h e  r e l a t i v e  e a s e  o f  i t s  a d m i n i s t r a ­
t i o n  .
N o t w i t h s t a n d i n g  t h e  o b s e r v a n c e  o f  due c a u t i o n ,  
d e a t h s  o c c a s i o n a l l y  happen,  som et im es  b e f o r e  o r  d u r in g  oper­
a t i o n s ,  and som etim es  d a y s ,  i f  n o t  weeks  a f t e r w a r d s .  The 
c a u s e  o f  t h e s e  f a t a l i t i e s  h as  been t h e  s u b j e c t  o f  e x p e r i ­
m e n ta l  i n v e s t i g a t i o n  f o r  some y e a r s ,  and i n  t h e  T h e s i s  p r e ­
s e n t e d  h e r e w i t h ,  t h e  a u th o r  g i v e s  t h e  r e s u l t s  o f  h i s  own 
and o t h e r  work upon t h i s  s u b j e c t .
The o r i g i n a l  work was commenced i n  1907 so t h a t  
p a r t  a t  l e a s t  o f  t h e  f a c t s  d e t a i l e d  a r e  now common knowledge.  
A copy o f  ea ch  o f  t h e  A u t h o r ’ s  p u b l i c a t i o n s  on t h e  s u b j e c t  
i s  p r e s e n t e d .
These  a r e  a s  f o l l o w s : -
1.
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1 .  On t h e  H i s t o l o g i c a l  Changes in  t h e  L i v e r  and Kidney
a f t e r  Chloroform  a d m in i s t e r e d  by d i f f e r e n t  c h a n n e l s .  
P r o c . R o y . 8 o c . E d i n . ,  Vol .XXIX. 1 9 0 8 - 9 ,  p . 4 2 0 .
2 .  The I n f l u e n c e  o f  Chloroform  when r e p e a t e d l y  a d m in i s t e r e d
in  sm a l l  d o s e s .
The L a n c e t ,  J a n . 2 1 s t .  1 9 1 1 .
3 .  The E f f e c t s  o f  C hloro form .
Glasgow M e d ic a l  J o u r n a l ,  J u l y ,  1 9 1 2 .
4 .  The D i s t r i b u t i o n  o f  C hloroform  i n  t h e  b l o o d .
The L a n c e t ,  J u l y  2 7 t h .  1 9 1 2 .
( w i t h  M is s  D .E .L in d sa y )
5 .  The I n f l u e n c e  o f  Carbon D i o x i d e  on t h e  h e a r t  i n  d i f f e r ­
ent  d e g r e e s  o f  a n a e s t h e s i a .
J o u r n a l  o f  P h y s i o l o g y  V o l . x l v i i ,  1 9 1 3 ,  p . 3 9 3 .
( w i t h  D r . E . P . C a t h c a r t )
6 . Chloroform A n a e s t h e s i a  in  t h e  l i g h t  o f  P h y s i o l o g i c a l  
R e s e a r c h .
Glasgow M e d ic a l  J o u r n a l ,  J a n u a ry ,  1 9 1 4 ,
, 7 .  On t h e  d a n g ers  o f  l i g h t  A n a e s t h e s i a ,
Glasgow M e d ic a l  J o u r n a l ,  A p r i l  1 9 1 4 .
(w i th  D r . E . P . C a t h c a r t ) .
METHODS OF ADMINISTRATIOH
METHODS OF ADMINISTRATION.
The method most  commonly ad o p ted  i n  t h e  a d m in i s ­
t r a t i o n  o f  c h lo r o f o r m  i s  t h a t  o f  i n h a l a t i o n  o f  t h e  drug .
A p orous  mask i s  p l a c e d  o v er  t h e  mouth and n o s t r i l s  o f  t h e
^  //?xve I,
s u b j e c t , and t h e  drug i s  dropped on from t im e  t o  t im e ,  u n t i l  
a n a e s t h e s i a  i s  p ro d u ced .  In t h e  more s c i e n t i f i c  methods an 
a p p a r a t u s ,  such a s  t h a t  o f  H arcourt  ( i s  used  by which
means a c c u r a t e l y  measured p e r c e n t a g e s  o f  c h lo r o f o r m  vapour  
may be  g i v e n  t o  t h e  s u b j e c t .  T h is  method i s  o f  g r e a t  im­
p o r t a n c e ,  a s  t h e  r a p id  a d m i n i s t r a t i o n  o f  h i g h  p e r c e n t a g e s  
o f  c h lo r o fo r m  vapour by i n h a l a t i o n  i s  f o l l o w e d  f r e q u e n t l y  
by symptoms o f  a c u t e  c h lo r o fo r m  p o i s o n i n g .  T h i s  i s  c o n ­
s i d e r e d  on page  ( 6 3  )•  U n f o r t u n a t e l y  such methods a r e  n o t  
employed a s  g e n e r a l l y  a s  t h e  i n t e r e s t s  o f  p a t i e n t s  would  
w a r r a n t .
In t h e  method most  g e n e r a l l y ,  a d o p te d  t h e r e  i s  no 
means o f  e s t i m a t i n g  t h e  amount o f  c h lo r o f o r m  t h a t  i s  b e i n g
i n h a l e d ,  a l t h o u g h  i t  i s  g e n e r a l l y  taken  t h a t  i f  t h e  mask
___
i s  kept  ^  in c h  d i s t a n t  from th e  f a c e  the,"pe"rcenjikge i n h a l e d
d o es  n o t  e x c ee d  2 .  --------
In
( t h e  numbers in  p a r e n t h e s i s  r e f e r  to  t h e  b i b l i o g r a p h y  
a t  t h e  end)
2 .
In p r a c t i c e  t h i s  works out f a i r l y  w e l l ,  a l t h o u g h  
t h e  a l t e r n a t i o n  o f  p e r i o d s  o f  v e r y  deep  a n a e s t h e s i a  w i t h  
p e r i o d s  o f  v e r y  l i g h t  a n a e s t h e s i a  cannot  be  c o n s i d e r e d  t o  
b e  d e v o id  o f  d a n g er .  See  a l s o  p age  . T h i s  n e c e s s a r ­
i l y  o c c u r s  when t h e  a n a e s t h e t i c  i s  g i v e n  by t h e  method r e ­
f e r r e d  t o ,  and c h lo ro fo rm  i s  g iv e n  u n t i l  t h e  c o n j u n c t i v a l  or  
t h e  p u p i l l a r y  r e f l e x  t o  l i g h t  d i s a p p e a r s , under t h e  a n ­
a e s t h e t i c  and t h e  a d m i n i s t r a t i o n  c e a s e s  u n t i l  t h i s  r e t u r n s  -  
o f t e n  u n t i l  movement o f  t h e  s u b j e c t  i n d i c a t e s  t h a t  t h e  a n ­
a e s t h e s i a  i s  no l o n g e r  " f u l l " .
I t  i s  i m p o s s i b l e  t o  o v e r - e s t i m a t e  t h e  im p ortan ce  
o f  a d m i n i s t e r i n g  c h lo r o f o r m  " sm ooth ly" ,  and l a t e r  (p age  ) 
I r e f e r  t o  much work p r o v in g  c o n c l u s i v e l y  t h a t  t h e  dangers  
o f  c h lo r o fo r m  (and o th e r )  a n a e s t h e s i a s  a r e  i n c r e a s e d  by t h e  
i r r e g u l a r  a d m i n i s t r a t i o n  o f  t h e  drug.
R e c e n t l y  an a t tem p t  h a s  been  made t o  i n t r o d u c e  an 
i n t r a v e n o u s  method o f  g i v i n g  c h lo r o f o r m  by  G i a n l  and o t h e r s  
( ) s i m i l a r  t o  t h a t  used  i n  e t h e r  a d m m i n i s t r a t i o n .
T h is  method a p p ro x im a te s  c l o s e l y  t o  t h a t  a dopted  by  me in  
a d m i n i s t e r i n g  t h e  drug s u b c u t a n e o u s l y  (page , /Jç4)  and c o n ­
s e q u e n t l y  my f i n d i n g s  a f t e r  such i n j e c t i o n s  may be  a p p l i e d  
to  t h e  i n t r a - v e n o u s  i n j e c t i o n s ,  due r eg a r d  b e i n g  p a i d  t o  
t h e  f a c t  t h a t  th e  i n t r a - v e n o u s  i n j e c t i o n s  a r e  l i k e l y  t o  have  
a
3.
a more r a p i d  and f a r - r e a c h i n g  r e s u l t  a s  t h e  i n j e c t e d  sub­
s t a n c e  p a s s e s  a t  once  and n ot  g r a d u a l l y  i n t o  t h e  b l o o d .
L a s t l y  c h lo r o fo r m  i s  g i v e n  "per o s " .  When admin­
i s t e r e d  i n  t h i s  way c h lo r o fo r m  i s  n o t  g i v e n  t o  produce  
a n a e s t h e s i a ,  but  g e n e r a l l y  f o r  i t s  s e d a t i v e  q u a l i t i e s  in  t h e  
form o f  c h lo r o d y n e  ( c o n t a i n i n g  (o p er  c e n t  o f  c h lo r o fo r m )  
or f o r  i t s  s e d a t i v e  and f l a v o u r i n g  q u a l i t i e s  a s  aqua c h l o r o ­
form! in  m i x t u r e s .  As c h lo r o d y n e  i t  i s  ta k e n  in  r e l a t i v e l y  
l a r g e  q u a n t i t i e s  in  v a r i o u s  cough m ix t u r e s  and l o z e n g e s .  
C ric h to n  Brown£( ) h a s  r e f e r r e d  to  t h i s  and t h e  r e ­
s u l t s  h ave  been i n v e s t i g a t e d  in  a n i m a l s .  The d a ta  appear  
on page ( 4 f  ) .
In c o n s i d e r i n g  t h e  a c t i o n  o f  c h lo r o f o r m  in  i t s  
r e l a t i o n  to; m e d i c i n e ,  o b s e r v a t i o n s  must be  made a f t e r  i t  
h a s  been  (a)  i n h a l e d ,  (b) i n j e c t e d  and ( c )  g i v e n  "per o s" .
In t h e  wor& p r e s e n t e d  n o ^ a n  a t tem p t  i s  made t o  show how 
each method o f  a d m i n i s t r a t i o n  I p f f e c t s  h i s t o l o g i c a l  s t r u c ­
t u r e  o f  t h e  organs  and t h e r e f o r e  m e ta b o l i sm  and h e a l t h .
ASSTMPTIOH OF CHLOROFORM
ASSUMPTION OP CHLOROFORM.
I t  h a s  been  c o n c l u s i v e l y  shown by P o h l  ( / - f  )
N i c l o u x  ( ^  ) Moore and Roaf  ( 6  ) and Buckmaster  and 
Gardner ( ^  ) t h a t  when C hloroform  i s  a s s o c i a t e d  w i t h  t h e  
b lo o d  t h e  b u l k  o f  t h e  drug i s  h e l d  by  t h e  red  c o r p u s c l e s .  
A c co rd in g  t o  N i c l o u x ’ s most  c a r e f u l  e s t i m a t i o n s  88 p e r  cen t  
o f  th e  c h lo r o fo rm  in  t h e  b lo o d  i s  h e l d  by  t h e  c o r p u s c l e s ,  and 
o n ly  12 per  ce n t  by t h e  p la sm a .  I t  a p p e a r s ,  t h e n ,  h i g h l y  
p r o b a b le  t h a t  in  c h lo r o fo r m  a n a e s t h e s i a  t h e  t r a n s p o r t  from 
and to  t h e  s u r f a c e  o f  t h e  lu n g s  i s  a f u n c t i o n  o f  t h e  red  
c o r p u s c l e s .  The p a r t i c u l a r  e lem en t  i n  t h e  red  c o r p u s c l e s  
which  a t t a c h e s  t h e  c h lo r o fo r m  t o  i t s e l f  i s  n o t  so  c l e a r l y  
e s t a b l i s h e d .  The compound or a s s o c i a t i o n  o f  t h e  c h lo r o f o r m  
w ith  th e  red c o r p u s c l e  must be  l o o s e  i f  t h e  b lo o d  i s  t o  p a s s
t h e  ch lo ro fo r m  on t o  t h e  t i s s u e s ,  Moore and R oaf  
h o l d  t h a t  t h e  p o r t e i n s  form u n s t a b l e  compounds w i t h  t h e  
c h lo r o f o r m .  They argue  t h a t  " s i n c e  p r o t e i n s  b u i l d  up t h e  
l i v i n g  p r o to p la s m ,  c h lo r o fo r m  and o t h e r  a n a e s t h e t i c s  must  
form s i m i l a r  u n s t a b l e  compounds w i t h  p r o t o p la s m ,  and t h a t  
a n a e s t h e s i a  i s  due t o  t h e  fo r m a t io n  o f  such  compounds w hich  
l i m i t
5.
l i m i t  t h e  c h e m ica l  a c t i v i t i e s  o f  t h e  p r o t o p la s m .  On a ccou n t  
o f  t h e  i n s t a b i l i t y  o f  t h e  compounds, t h e s e  remain  formed  
o n l y  so l o n g  a s  t h e  p r e s s u r e  o f  t h e  a n a e s t h e t i c  i n  t h e  s o l u ­
t i o n  i s  m a in t a in e d " .  O thers  ( N i c l o u x  and Meyer) h o l d  t h a t  
t h e  " l i p o i d "  e lem ent  in  t h e  c o r p u s c l e s ,  p lasm a,  and t i s s u e s  
i s  r e s p o n s i b l e  f o r  t h e  f i x i n g  o f  t h e  c h lo r o fo r m ,  so l o n g  as  
t h e  vapour p r e s s u r e  i s  s u f f i c i e n t .  The term  " l i p o i d "  i s  
h e l d  t o  mean t h o s e  f a t - l i k e  c o n s t i t u e n t s  o f  an imal  or vegeta*  
b l e  c e l l s  which  can b e  e x t r a c t e d  by  means o f  e t h e r  or s im ­
i l a r  s o l v e n t s  (Rosenheim ^  ) . M(Lyer ( ^  ) h a s  p o s t u l a t e d
t h e  h y p o t h e s i s  t h a t  a l l  b o d i e s  c a p a b le  o f  d i s s o l v i n g  f a t s  
p o s s e s s ,  in  a g r e a t e r  or l e s s  d e g r e e ,  a n a e s t h e t i c  p r o p e r ­
t i e s .  T h i s  s u g g e s t i o n  a s  t o  t h e  im p o rta n ce  o f  t h e  " l i p o i d s "  
i n  a n a e s t h e s i a  h a s  been  s u p p o r te d  b y  t h e  e x p e r im e n ts  o f  
N i c l o u x  ( / D  ) who showed t h a t ,  i f  an animal  i s  a n a e s t h e ­
t i s e d  w i t h  c h lo r o fo r m  and k i l l e d  when f u l l y  a n a e s t h e t i s e d ,  
t h e  n erv o u s  t i s s u e  o f  t h e  b r a i n  and s p i n a l  cord c o n t a i n e d  a  
l a r g e r  p r o p o r t io n  o f  c h lo r o fo r m  than any o t h e r  t i s s u e s  -  
t h e  b lo o d  e x c e p t e d .  In f u r t h e r  exam ining  t h i s  p o i n t ,
N i c l o u x  and M i l e . P r i s o n  ( j f  ) found t h a t  t h e  w h i t e  m a t t e r  
h e l d  more o f  t h e  a n a e s t h e t i c  than t h e  g r e y ,  and t h a t  t h e  
d i f f e r e n t  power o f  f i x a t i o n  o f  c h lo r o f o r m  v a r i e d  w i t h  t h e  
p r o p o r t io n
6 .
p r o p o r t io n  o f  f a t s  o r  a n a lo g o u s  s u b s t a n c e s  p r e s e n t .  On p u r ­
s u in g  t h e  i n v e s t i g a t i o n  w i t h  r e g a r d  t o  o t h e r  t i s s u e s  t h e y  
found t h a t  t h e  law h e l d  good .  Thus we may t a k e  i t  t h a t  
th e  " l i p o i d "  e lem ent  i n  b l o o d  and t i s s u e  c e l l  p r o b a b ly  forms  
a l o o s e  c o m b in a t io n  w i t h  th e  c h lo r o fo r m  and t h a t  a n a e s ­
t h e s i a  depends upon t h i s .  I t  i s  a l s o  n o t a b l e  t h a t  th e  h e a r t  
m u sc le  i s  found t o  h a v e  a much g r e a t e r  a f f i n i t y  f o r  c h l o r o ­
form than s k e l e t a l  m u s c l e ,  a s  r e p r e s e n t e d  by t h e  f i g u r e s  
41 mg. per  c e n t . f o r  c a r d i a c  and 21 mg. p e r  c e n t  f o r  s k e l e ­
t a l  m u s c l e ,  S h e r r i n g t o n  and Sowton ( ) h ave  shown t h a t
s t r i p e d  m u sc le  -  U n l ik e  c a r d i a c  -  i s  n o t  r e a d i l y  p o i s o n e d  
by c h lo r o f o r m .  Thus th e  su b s ta n ce s  which  f i x  t h e  c h lo r o f o r m  
in  c a r d i a c  m u sc le  a re  p r e s e n t  in  s m a l l e r  amount in  s k e l e ­
t a l  m u s c l e ,  and t h e r e  i s  a lo w er  s u s c e p t i b i l i t y  o f  t h e  l a t ­
t e r  t o  t h e  a c t i o n  o f  t h e  d ru g .
The work o f  B r o d i e  and Widdows ( f 3  ) and Buck-  
m a ster  and Gardner ( ^  ) a g r e e s  in  a l l  im p ortan t  r e ­
s p e c t s  w i t h  r eg a r d  t o  t h e  r a p i d i t y  and r a t e  o f  a b s o r p t i o n .  
They show t h a t  c h lo r o fo r m  a b s o r p t i o n  i n c r e a s e s  w i t h  g r e a t  
r a p i d i t y  in  t h e  i n i t i a l  s t a g e s  o f  a n a e s t h e s i a  t o  a v a l u e  
which  ap p roach es  a  maximum. B r o d i e  and Widdows c o n s i d e r  
t h a t  th e  p e r i o d  o f  maximum a b s o r p t i o n  i s  d u r in g  t h e  secon d  
minute
m inute  o f  t h e  a d m i n i s t r a t i o n ,  but Buckmaster  and Gardner  
p l a c e  t h e  t im e  somewhat l a t e r  -  from f i v e  t o  f i f t e e n  m in­
u t e s  in  t h r e e  i n s t a n c e s  c i t e d .  F o l l o w i n g  t h i s  maximum of^  
a b s o r p t i o n ,  t h e  b r e a t h i n g  becomes s h a l l o w e r ,  p r o b a b l y  owing  
t o  th e  e f f e c t  o f  t h e  c h lo r o fo r m  on t h e  r e s p i r a t o r y  c e n t r e s .  
T h is  d e p r e s s i o n  o f  r e s p i r a t i o n  v a r i e s  in  d i f f e r e n t  i n d i v i d ­
u a l s ,  and a p p ea rs  t o  depend on t h e  d e g r e e  o f  c o n c e n t r a t i o n  
o f  t h e  c h lo r o fo r m  -  a i r  m i x t u r e .  D uring  t h e  p e r i o d  o f  
r e s p i r a t o r y  d e p r e s s i o n  t h e  r a t e  o f  a b s o r p t i o n  d i m i n i s h e s .
At t h i s  s t a g e  in  a n im a ls  t h e  a u t h o r s  fou nd  t h a t  
t h e r e  was danger  o f  t h e  r e s p i r a t i o n  c o m p l e t e l y  s t o p p i n g ,  
and t h a t ,  a l t h o u g h  a r t i f i c i a l  r e s p i r a t i o n  was f r e q u e n t l y  
s u c c e s s f u l  in  r e s t o r i n g  t h e  b r e a t h i n g ,  t h i s  was n o t  a lw a y s  
th e  c a s e .  Buckmaster  and Gardner s t a t e  t h a t  a l l  t h e  d e a t h s  
t h e y  had d u r in g  t h i s  p e r i o d  were e n t i r e l y  due t o  r e s p i r a t o r y  
f a i l u r e ,  and none t o  c a r d i a c  f a i l u r e .  Levy  ( / / f  ) on t h e  
o t h e r  hand, h a s  shown t h a t  i n  18 c a s e s  o f  sudden d e a t h  in  
c a t s  d u r in g  l i g h t  c h lo r o fo r m  a n a e s t h e s i a ,  f i b r i l l a t i o n  o f  
th e  v e n t r i c l e s  was t h e  c a u s e  o f  d e a t h .  T h i s  i s  r e f e r r e d  
t o  f u l l y  on page (^pSit) • In any c a s e  th e  e v i d e n c e  i s  com­
p l e t e l y  i n  agreement t h a t  a d e f i n i t e  danger  p o i n t  o c c u r s  
w i t h i n  t h e  f i r s t  few m in u t e s  o f  a n a e s t h e s i a .  T h i s  i s  
r e p r e s e n t e d
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r e p r e s e n t e d  by t h e  p e r i o d  between X and % in  th e  f i g u r e .
S h e r r in g to n  and M iss  Sowton ( ) have  shown
t h a t  c a r d i a c  m u sc le  i s  much more r e a d i l y  a f f e c t e d  by  
c h lo ro fo rm  s o l u t i o n  p l u s  COg than by c h lo ro fo rm  s o l u t i o n  
p l u s  0^, and c o n s e q u e n t l y  th e  p e r io d  o f  d im in i s h e d  v e n t i l a ­
t i o n  o f  t h e  lu n g  must n e c e s s a r i l y  be one o f  d an ger .
I f  t h e  animal  p a s s e s  t h i s  s t a g e ,  and t h e  a d m in i s ­
t r a t i o n  i s  c o n t in u e d ,  th e  a b s o r p t i o n  a g a in  i n c r e a s e s ,  and 
th e  ch lo r o fo r m  c o n t e n t  o f  th e  b lo o d  r i s e s  a ga in  u n t i l  a 
p o i n t  o f  e q u i l i b r i u m  i s  r ea ch ed  -  i n t a k e  and output  g o in g  
on s i d e  by s i d e .  T h is  e q u i l i b r i u m  may b e  m a in ta in e d  f o r  a 
c o n s i d e r a b l e  t im e  which  v a r i e s  in  d i f f e r e n t  i n d i v i d u a l s .  
The p o i n t  o f  e q u i l i b r i u m  i s ,  how ever ,  n o t  one o f  s a f e t y ,  
f o r  th e  d i f f e r e n c e  betw een  t h e  amount o f  ch lo r o fo r m  in  th e  
b lo o d  th rou ghou t  t h i s  s t a g e  and t h a t  n e c e s s a r y  t o  k i l l  t h e  
anim al  i s  v e r y  s m a l l .
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ELIMINATION OP CHLOROPORM.
At t h e  same t im e  a s  a b s o r p t i o n  o f  t h e  a n a e s t h e t i c  
i s  g o i n g  on, e l i m i n a t i o n  i s  a l s o  t a k i n g  p l a c e ,  and, a s  in  
th e  c a s e  o f  a b s o r p t i o n ,  t h i s  d o es  not  t a k e  p l a c e  a t  a u n i ­
form r a t e .  The r a t e  o f  e l i m i n a t i o n  depends t o  some e x t e n t  
upon t h e  c o n d i t i o n  o f  t h e  animal  under ex p e r im e n t ,  but  g e n ­
e r a l l y  i t  may be tak en  t n a t  t h e  r a t e  o f  output  i s  r a p i d  a t  
f i r s t  and s lo w e r  a f t e r .  When th e  p o i n t  p f  e q u i l i b r i u m  r e ­
f e r r e d  t o  above  i s  r e a c h e d ,  an a d m i n i s t r a t i o n  o f  s m a l l  
amounts o f  t h e  drug i s  a l l  t h a t  i s  n e c e s s a r y  to  keep t h e  
animal a n a e s t h e t i s e d  -  t h a t  i s  t o  s a y ,  b o th  a b s o r p t i o n  and 
e l i m i n a t i o n  a r e  s lo w .  The i n i t i a l  r a t e  o f  e l i m i n a t i o n  i s  
s lo w er  than t h e  i n i t i a l  r a t e  o f  a b s o r p t i o n ,  so t h a t  th e  
b lo o d  i s  becoming more charged w i t h  c h lo r o fo r m .
A f t e r  a d m i n i s t r a t i o n  i s  s to p p ed  t h e  r a t e  o f  e l i m ­
i n a t i o n  i s  a t  f i r s t  r a p id ;  in d e e d  a c c o r d i n g  t o  N i c l o u x  ( / ^  ) 
h a l f  t h e  c h lo r o fo r m  c o n t e n t  o f  t h e  b l o o d  i s  e l i m i n a t e d  in  
dogs in  th e  f i r s t  f i v e  m in u t e s .  Buckmaster and Gardner ( ^ )  
found t h a t  h a l f  t h e  ch lo r o fo r m  c o n t e n t  was e l i m i n a t e d  in  
f i f t e e n
6 0
50
o  30
20
1 hr. 2 hrs, 3 hrs. 4  hrs. 5 hrs. 6 hrs.
Chloroform administered by respiratoiy passages — —  pts. x
,, ,, hypodermically  pts, ©
,, ,, by stomach  pts. □
1 0 .
f i f t e e n  to  tw e n ty  m in u te s  in c a t s ,  and i n  r a b b i t s  Paton  
and L in d s a y  ( f (, ) found t h a t  more than h a l f  t h e  c h l o r o ­
form was e l i m i n a t e d  in  t w e n ty  f i v e  m in u t e s .  The rem a in in g  
p a r t  was e l i m i n a t e d  a t  v a r y i n g  r a t e s .  In some i n s t a n c e s  
v e r y  l i t t l e  s i g n  o f  c h lo r o fo rm  was found a f t e r  two h o u r s ,  
a l t h o u g h  in  o t h e r s  about  20 mg. p er  c e n t  was found -  an 
amount equal  to  about one h a l f  o f  what i s  r e q u i r e d  to  p r o ­
duce f u l l  a n a e s t h e s i a .
A f t e r  t h r e e  hours  a  r e l a t i v e l y  l a r g e  amount may 
s t i l l  remain .  Such i n s t a n c e s  may p r o b a b ly  be  c o n s id e r e d  
abnormal,  and t h a t  n o r m a l ly  t h e  e l i m i n a t i o n  o f  ch lo r o fo r m  
g i v e n  through  t h e  r e s p i r a t o r y  t r a c t  i s  c o m p a r a t i v e l y  r a p i d ,  
p a r t i c u l a r l y  i f  t h e  a d m i n i s t r a t i o n  h a s  been o f  s h o r t  d u ra­
t i o n .  Where e l i m i n a t i o n  i s  d e l a y e d ,  how ever ,  t h e  t i s s u e s  
remain b athed  in  b lo o d  c o n t a i n i n g  c h lo r o fo r m  f o r  an e x t e n d ­
ed p e r i o d ,  and changes  t o  be d e s c r i b e d  s h o r t l y  a r e  produced  
in  t h e  t i s s u e s  -  n o t a b l y  in  t h e  l i v e r .
The r a t e s ,  b o th  o f  a ssum pt ion  and o f  e l i m i n a t i o n ,  
a r e  v e r y  d i f f e r e n t  when t h e  drug i s  g i v e n  in  ways o t h e r  
than by i n h a l a t i o n .  The f i g u r e  snows t h e  much s lo w e r  r a t e  
o f  assum ption  and e l i m i n a t i o n  when c h lo r o fo r m  i s  g i v e n  by  
t h e  mouth or s u b c u t a n e o u s l y .  The maximal amount in  t h e  
b lo o d
1 1 .
b l o o d  i s  not  reached  u n t i l  about fo u r  hours  a f t e r  admin­
i s t r a t i o n  by th e  stomach, and not  u n t i l  about f i v e  h o u rs  
a f t e r  i n j e c t i o n .
The o b s e r v a t i o n s  o f  Paton and Miss  L in d sa y  show 
t h a t ,  in  th e  r a b b i t ,  c h lo ro fo r m  when g iv e n  by  th e  r e s p i r a ­
t o r y  p a s s a g e s  i s  r a p i d l y  ta k e n  up by th e  b l o o d ,  and t h a t  
a n a e s t h e s i a  i s  produced when t h e  amount r e a c h e s  about  30  
to  40 mg. per  100 c .cm .
I t  i s  then r a p i d l y  e l i m i n a t e d ,  so t h a t ,  in  normal 
c a s e s ,  by t h e  end o f  two h ou rs  i t  has  a lm o st  e n t i r e l y  d i s ­
appeared  from th e  b l o o d .  T h is  e l i m i n a t i o n ,  how ever ,  i s  
s u b j e c t  t o  marked v a r i a t i o n ,  and a t  t h e  end o f  two hours  
t h e r e  may s t i l l  remain in  t h e  b lood  no l e s s  than  20 mg. o f  
th e  drug,  and even a f t e r  3^ h ou rs  10 mgrs.  may rem ain ,
These ex p er im en ts  seem t o  e x p l a i n  t h e  o c c u r r e n c e  
o f  l a t e  c h l o r o f o r m - p o i s o n i n g  in  a c e r t a i n  number o f  c a s e s  
where t h e  drug rem ain ing  in  th e  body has  a c t e d  on t h e  
t i s s u e s  f o r  a p r o lo n g e d  p e r i o d .
When g iv e n  by t h e  mouth, c h lo ro fo rm  i s  s l o w l y  a b ­
so rb ed ,  th e  p e r c e n t a g e  amount r e a c h i n g  i t s  maximum between  
fou r  and f i v e  h o u rs  a f t e r  a d m i n i s t r a t i o n ,  and th e n  s l o w l y  
d i s a p p e a r i n g .  The amount taken  up by t h e  b lo o d  a f t e r  the  
a d m i n i s t r a t i o n
1 2 .
a d m i n i s t r a t i o n  o f  about 1 c . c .  p er  1000 grm. i s  r a r e l y  s u f ­
f i c i e n t  t o  produce  a n a e s t h e s i a  « in  o n l y  one c a s e  d id  i t  
r ea ch  32 m g r s . , and in  t h a t  c a s e  th e  animal  was not  a n a e s ­
t h e t i s e d ,  but m e r e ly  s t a g g e r y .  In a l l  p r o b a b i l i t y ,  t h e  
f i x a t i o n  o f  t h e  drug by t h e  p r o t e i n s  and c o r p u s c l e s  p r e ­
v e n t e d  i t s  f u l l  a c t i o n  on t h e  n e rv e  c e n t r e s .
When ch lo r o fo r m  i s  g i v e n  h y p o d e r m ic a l l y ,  a b s o r p t i c  
i s  g e n e r a l l y  more r a p id  than when i t  i s  g i v e n  by t h e  mouth,  
and t h e  p e r c e n t a g e  in  th e  b lo o d  r e a c h e s  i t s  maximum in  
about fou r  or f i v e  h o u r s .  The amount p r e s e n t  i s  r a r e l y  
s u f f i c i e n t  t o  produce  a n a e s t h e s i a ,  but  in  one c a s e  i t  was  
produced when o n l y  1 8 .7  m grs .  were p r e s e n t .  In one c a s e  
when t h e  r e s p i r a t i o n  and h e a r t  s to p p e d ,  no l e s s  than  6 0 ,9  
mgrs.  were found in  t h e  b lo o d  a t  th e  end o f  t h r e e  h o u rs;  in  
a n o t h e r ,  a t  t h e  end o f  5-  ^ h ou rs  3 1 . 6  m grs .  were p r e s e n t ,  
and y e t  no a n a e s t h e s i a ,  but m e r e ly  s t a g g e r i n g ,  was ob serv ed  
These  o b s e r v a t i o n s  show t h a t  t h e  more marked a c ­
t i o n  o f  c h lo r o fo r m  on t h e  m e ta b o l i sm  when i t  i s  a d m in i s ­
t e r e d  by t h e  mouth or h y p o d e r m ic a l ly  i s  p r o b a b ly  to  be  e x ­
p l a i n e d  by th e  more p r o lo n g e d  a c t i o n  o f  t h e  drug upon th e  
p r o t o p la s m .  The more marked a c t i o n  o f  t h e  drug when admin­
i s t e r e d  by t h e  mouth, a s  compared w i t h  t h e  a c t i o n  o f  t h e  
same
13.
same d o s e  h y p o d e r m ic a l l y  a d m i n i s t e r e d ,  i s  p ro b a b ly  due t o  
th e  more d i r e c t  a c t i o n  upon th e  l i v e r  c e l l s ,  and p o s s i b l y  
t o  i t s  l e s s  ra p id  e l i m i n a t i o n ,  i n d i c a t e d  by i t s  more marked 
a c c u m u la t io n  ( s e e  f i g u r e ) .
DISTRIBUTIOH OP CHLOROPORM IN THE BLOOD.
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DISTRIBUTION OF CHLOROFORM IN THE BLOOD.
The Author was f o r t u n a t e  in  o b t a i n i n g  t h e  h e l p  
o f  M iss  D orothy  L in d sa y  in  making e s t i m a t i o n s  o f  t h e  amount 
o f  c h lo ro fo rm  p r e s e n t  in  t h e  b lo o d  under v a r i o u s  c o n d i t i o n s ,  
Buckmaster and Gardner ( / y  ) have  shewn t h a t  in  
c h lo r o fo r m  a n a e s t h e s i a  t h e  b u lk  o f  t h e  c h lo r o fo r m  i s  c a r ­
r i e d  by  th e  red  c o r p u s c l e s .  Poh l  ( )  e s t i m a t e d  t h e  p r o ­
p o r t i o n  i n  t h e  c o r p u s c l e s  a s  two t o  fo u r  t im e s  t h a t  p r e s e n t  
in  t h e  serum. N i c l o u x  ( ^  ) by  a more a c c u r a t e  method 
e s t i m a t e d  t h e  amount in  c o r p u s c l e s  a s  about  88 and in  t h e  
plasma 12 per  100 p a r t s  o f  c h lo r o fo r m .  The enormous d i f ­
f e r e n c e  in  t im e  o f  a b s o r p t i o n  and o f  e l i m i n a t i o n  a s  shown 
above ,  s u g g e s t s  t h a t  th e  c h lo r o fo r m  might  be d i f f e r e n t l y  
combined when i t  i s  i n h a l e d  than when i t  i s  i n j e c t e d  or  
g i v e n  by s tomach.  By i n h a l a t i o n  th e  g r e a t e r  p a r t  o f  th e  
ch lo ro fo rm  combines  l o o s e l y  w i t h  th e  c o r p u s c l e s  and i s  
r a p i d l y  absorbed  and r a p i d l y  e l i m i n a t e d .  A s m a l l  m o ie ty  i s  
sometimes found, a c c o r d in g  to  Noel  Paton  and M iss  L in d s a y  (/% ), 
s t i l l  p r e s e n t  in  t h e  b lo o d  some h ou rs  a f t e r  t h e  a n a e s t h e t i c ,  
p a r t i c u l a r l y  when t h e  animal  a n a e s t h e t i s e d  h a s  been co n ­
f i n e d  in  a ca g e  a f t e r  t h e  a d m i n i s t r a t i o n .  T h is  might r e ­
p r e s e n t
15.
r e p r e s e n t  a remnant o f  th e  12 per  cen t  in  t h e  p l a s m a , r e ­
f e r r e d  t o  on page 14 . When g i v e n  s u b c u t a n e o u s l y  t h e  
much s lo w er  a b s o r p t i o n  and e l i m i n a t i o n ,  and th e  c o n se q u e n t  
g r e a t e r  e f f e c t  on t h e  t i s s u e s ,  might  be  due t o  a f i r m e r  
c o m b in at ion  o f  t h e  c h lo r o fo r m  w i t h  some p a r t  o f  t h e  p lasm a -  
s a y ,  t h e  p r o t e i n s ,  a s  s u g g e s t e d  by Moore and Roaf  ( ) .
That t h e  drug i s  d i f f e r e n t l y  f i x e d  in  t h e  two c a s e s  i s  
f u r t h e r  s u g g e s t e d  by tn e  f a c t  t h a t  a p r o lo n g e d  a d m i n i s t r a ­
t i o n  o f  c h lo r o fo r m  by i n h a l a t i o n  h a s  v e r y  l i t t l e  e f f e c t  on 
t h e  l i v e r  and k id n e y  t i s s u e s ,  w h ereas  t h e  a d m i n i s t r a t i o n  
o f  a v e r y  s m a l l  amount h y p o d e r m ic a l l y  c a u s e s  i n j u r y  to  t h e  
c e l l s  o f  t h e s e  o r g a n s .
In c a r r y i n g  out t h e  e x p e r im e n t s  t h e  same p ro ce d u re  
was o b se rv ed  in  a l l  c a s e s .  The r a b b i t s  were w e i g h e d , and 
[then where t h e y  were a n a e s t h e t i s e d  by  i n h a l a t i o n  t h e y  were  
k e p t  j u s t  under f o r  one h o u r .  They were t h en  k i l l e d  and 
r a p i d l y  b l e d  i n t o  an amount o f  15 p e r  c e n t ,  s o l u t i o n  o f  
p o t a s s iu m  o x a l a t e  s u f f i c i e n t  t o  p r e v e n t  c o a g u l a t i o n  o f  th e  
b l o o d .  The b lo o d  m ix tu r e  w as*th en  c e n t r i f u g a l i s e d  f o r  t n r e e  
h o u r s ,  and t h e  c o r p u s c l e s  and plasm a were s e p a r a t e l y  e s t i -  
ïEated fo r  c h lo r o f o r m .  The method o f  N i c l o u x  ( } was used
t h e  e s t i m a t i o n .
The
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The t im e  taken  f o r  c e n t r i f u g a l i s i n g  -  t h r e e  h o u r s  • 
i s  t h e  same a s  was a dopted  by N i c l o u x ,  and y i e l d e d  more con ­
s t a n t  r e s u l t s  than any s h o r t e r  t im e .  As an o b j e c t i o n  
a g a i n s t  such a l e n g t h y  s e p a r a t i o n  may be  argued  t h a t  b o t h  
c o r p u s c l e s  and c h lo r o fo r m  would be d r i v e n  t o  t h e  b o t to m  o f  
th e  t u b e ,  and t h u s  t h e  p r o p o r t io n  in  c o r p u s c l e s  would r i s e  
w it h  p r o lo n g e d  s e p a r a t i o n .  T h i s ,  as  a m a t t e r  o f  f a c t ,  i s  
t h e  c a s e ,  but  may a l s o  be  due t o  t h e  s e p a r a t i o n  b e i n g  more 
c o m p le t e .  Where t h e  c e n t r i f u g a l i s i n g  has  gone  on f o r  one  
h ou r^ th e  c o r p u s c l e s  p l u s  c h lo r o fo r m  a r e  mixed w i t h  a c e r ­
t a i n  amount o f  p lasma p l u s  i t s  ch lo ro fo r m ;  in  t h e  l a t t e r  
c a s e  t h e  c h lo r o fo r m  c o n t e n t  i s  sm a l l  and t e n d s  t o  r ed u c e  
t h e  p r o p o r t io n  o f  c h lo r o fo r m  in  t h e  m ass .  At th e  end o f  
t h r e e  h o u rs  t h e  amount o f  p lasma and c h lo r o fo r m  w i t h  t h e  c o r ­
p u s c l e s  i s  v e r y  sm a l l  i n d e e d ,  and i s  n e g l i g i b l e .  In any  
c a s e ,  t h e  same p ro ce d u re  was ad o p ted  w i t h  b o th  i n h a l a t i o n  
and i n j e c t i o n  s p e c im e n s ,  so t h a t  thp r e s u l t s  a r e  c o m p a r a b le .
Where c h lo ro fo r m  was /g iven]  s u b c u t a n e o u s l y  amounts  
v a r y i n g  from 1 c . c .  t o  3 c . c .  were  g i v e n ,  and t h e  a n im a ls  
were k i l l e d  and b l e d  as  above two to  t h r e e  h ou rs  l a t e r .  The 
amount o f  c h lo ro fo rm  in  t h e  b lo o d  a p p ro a c h e s  a maximum two 
to  fou r  hours  a f t e r  t h e  a d m i n i s t r a t i o n .  The r e s u l t s  a r e : -
1 .
17.
1 .  By I n h a l a t i o n .
R abbit  P . -  W e ig h t ,  1800 grm. C hloroform  i n h a l e d  f o r  
one h o u r .  35 c . c .  o f  b lo o d  taken  w i t h  1 c . c .  o f  15 p er  
îIIXv/l - c e n t ,  p o t a s s iu m  o x a l a t e ;  c e n t r i f u g a l ! s e d  f o r  t h r e e  h o u r s .
T o t a l  amount r e c o v e r e d ,  1 8 . 1 3  mg. c h lo r o fo r m .  C o r p u s c l e s  
9 0 . 8  per  c e n t ;  p lasm a ,  9 . 2  p er  c e n t . , o f  t o t a l  c h lo r o f o r m  
p r e s e n t ,
R abbit  M. -  Weight 2200 grm. Chloroform i n h a l e d  f o r  
45 m in u t e s .  58 c . c .  o f  b lo o d  taken  w i t h  2 c . c .  o f  15 per  
c e n t ,  p o t a s s iu m  o x a l a t e ;  c e n t r i f u g a l i s e d  f o r  t h r e e  h o u r s .  
T o t a l  amount r e c o v e r e d ,  2 6 . 5 6  mg. c h lo r o fo r m .  C o r p u s c l e s
9 0 . 2  p er  c e n t . ;  p lasm a,  9 . 8  p er  c e n t ,  o f  t o t a l  c h lo r o fo r m  
p r e s e n t .
R abbit  P . -  W eight ,  1850 grm. Chloroform  i n h a l e d  
f o r  one h o u r .  35 c . c .  b lo o d  w i t h  5 c . c .  p o t a s s iu m  o x a l a t e ;  
c e n t r i f u g a l i s e d  f o r  t h r e e  h o u r s .  T o t a l  amount r e c o v e r e d  
6 . 3  mg. c h lo r o f o r m .  C o r p u s c l e s ,  8 8 . 8  p er  c e n t . ;  p la sm a ,
1 1 . 2  per  c e n t ,  o f  t o t a l  ch lo r o fo rm  p r e s e n t .
R abbit  R . -  W eigh t ,  1900 grm. C hloroform  i n h a l e d  
f o r  one h o u r .  38 c . c .  o f  b lo o d  w i t h  5 c . c .  o f  p o t a s s iu m  
o x a l a t e ;  c e n t r i f u g a l i s e d  f o r  two and a  h a l f  h o u r s . T o t a l  
c h lo r o fo r m
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c h lo r o fo r m  r e c o v e r e d ,  1 6 . 4 5  mg. C o r p u s c l e s ,  8 8 . 9  p er  c e n t ;  
p lasm a,  1 1 . 1  per  c e n t  o f  t o t a l  c h lo r o fo r m  p r e s e n t .
Rabbit  S . -  W eight ,  2400 grm. C hloroform  I n h a le d  
f o r  one h o u r .  45 c . c .  o f  b lo o d  w i t h  5 c . c .  o f  p o t a s s iu m  
o x a l a t e ;  c e n t r i f u g a l i s e d  t h r e e  h o u r s .  T o t a l  amount r e c o v ­
e r e d ,  1 4 .8 4  mg. c h lo r o f o r m .  C o r p u s c l e s ,  8 7 . 6  p er  c e n t ;  
p la sm a ,  1 2 . 4  per  c e n t ,  o f  t o t a l  c h lo ro fo r m  p r e s e n t .
R abbit  Z . -  W eigh t ,  1800 grm. C hloroform  i n h a l e d  
f o r  one h our ,  40 c . c .  o f  b l o o d ,  w i t h  5 c . c .  o f  p o t a s s iu m  
o x a l a t e ;  c e n t r i f u g a l i s e d  f o r  two h o u r s .  T o t a l  amount r e ­
c o v e r e d ,  1 4 .8 4  mg. c h lo r o f o r m .  C o r p u s c l e s ,  8 5 . 2  p e r  c e n t ;  
p la sm a ,  1 4 . 8  p er  c e n t  o f  t o t a l  c h lo r o fo rm  p r e s e n t .
Average  d i s t r i b u t i o n  in  s i x  r a b b i t s ;  C o r p u s c l e s ,
8 8 . 6  per  c e n t ;  p la sm a ,  1 1 . 4  p er  c en t  o f  t o t a l  c h lo r o fo r m  
p r e s e n t .
2 .  By I n j e c t i o n .
Rabb i t  C. -  W eight ,  2400 grm^ , 1 c . c .  i n j e c t e d ;  
animal k i l l e d  fo u r  h o u rs  l a t e r ,  40 c . c . . b l o o d  tak en  w i t h  
1 c . c .  o f  p o t a s s iu m  o x a l a t e ;  c e n t r i f u g a l i s e d  t h r e e  h o u r s .  
T o t a l  amount r e c o v e r e d  7 . 9  mg, c h lo r o f o r m .  C o r p u s c l e s ,
8 1 . 6  p er  c e n t . ;  p la sm a ,  1 8 . 4  p er  c e n t ,  o f  t o t a l  c h lo r o fo r m  
r e c o v e r e d .
19.
R abbit  G. -  W eig h t ,  2975 grm. 2 c . c .  i n j e c t e d ;  an im al  
k i l l e d  two and a h a l f  h o u rs  l a t e r .  42 c . c .  b lo o d  w i t h  1 c . c  
p o t a s s iu m  o x a l a t e ;  c e n t r i f u g a l i s e d  f o r  t h r e e  h o u r s .  T o t a l  
amount r e c o v e r e d  6 . 2 1  mg. c h lo r o fo r m .  C o r p u s c l e s ,  7 6 . 4  
per  c e n t ;  p la sm a ,  2 3 . 6  per  c e n t ,  o f  t o t a l  c h lo r o f o r m  p r e s e n t
R abbit  H. -  Weight 1450 grm. 1 . 5  c . c .  i n j e c t e d  and 
r e p e a t e d  in  15 m in u t e s .  30 c . c .  b l o o d  and 1 c . c .  p o t a s s iu m  
o x a l a t e ;  animal  k i l l e d  two h ou rs  l a t e r ;  c e n t r i f u g a l i s e d  
t h r e e  h o u r s .  T o t a l  amount r e c o v e r e d ,  8 . 2 5  mg. c h lo r o f o r m .  
C o r p u s c l e ,  78 per  c e n t ;  p lasm a,  22 p er  c e n t  o f  t o t a l  c h l o r o ­
form p r e s e n t .
R abbit  Q.. -  W eight ,  2300 grm. 3 c . c .  i n j e c t e d  and 
r a b b i t  k i l l e d  t h r e e  h o u rs  l a t e r .  40 c . c .  b lo o d  and 5 c . c .  
p o t a s s iu m  o x a l a t e ;  c e n t r i f u g a l i s e d  t h r e e  h o u r s .  T o t a l  
amount r e c o v e r e d ,  5 . 8 8  mg. c h lo r o fo r m .  C o r p u s c l e s ,  7 4 . 8  
p e r  c e n t . ;  p lasm a,  2 5 . 2  p er  c e n t ,  o f  t o t a l  c h lo r o f o r m  p r e ­
s e n t  .
R a b b it  T . -  W eig h t ,  2200 grm. 3 c . c .  i n j e c t e d ,  40 
c . c .  b lo o d  ta k en  w i t h  5 c . c .  o x a l a t e .  T o t a l  amount r e c o v ­
e r e d ,  9 . 3 8  mg. c h lo r o fo r m .  C o r p u s c l e s ,  7 9 . 9  p er  c e n t . ;  
plasm a 2 0 . 1  p er  c e n t ,  o f  t o t a l  c h lo r o fo r m  p r e s e n t .
R abbit  Y . -  Weight 2050 grm. 3 c . c .  i n j e c t e d .
Animal
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Animal k i l l e d  two h ou rs  l a t e r .  40 c . c .  b lo o d  ta k e n  w i t h  
10 c . c .  o x a l a t e ;  c e n t r i f u g a l i s e d  t h r e e  h o u r s .  T o t a l  amount 
r e c o v e r e d ,  1 0 .8 4  mg. c h lo r o f o r m .  C o r p u s c l e s  7 2 . 4  p e r  c e n t . ;  
p la sm a ,  2 7 . 6  per  c e n t ,  o f  t o t a l  ch lo r o fo r m  p r e s e n t .
Average  d i s t r i b u t i o n  in  s i x  r a b b i t s : -  C o r p u s c l e s ,
7 7 . 2  p er  c e n t ;  p la sm a ,  2 2 . 8  per  c e n t ,  o f  t o t a l  c h lo r o f o r m  
p r e s e n t .
C o n s id e r a t i o n  o f  R e s u l t s .
Where t h e  c h lo r o fo r m  was in h a l e d  t h e  amount found  
in  t h e  plasm a v a r i e d  from 9 , 2  t o  1 4 . 8  per  c e n t ,  o f  t h e  t o t a l  
amount r e c o v e r e d  from t h e  b lo o d .  Where t h e  c h lo r o f o r m  was  
i n j e c t e d  t h e  amount found in  th e  p lasm a v a r i e d  from 1 8 . 4  t o
2 7 . 6  per  c e n t ,  o f  t h e  t o t a l  amount r e c o v e r e d  from t h e  b l o o d .  
Thus in  a l l  c a s e s  where t h e  c h lo r o fo r m  was g i v e n  s u b c u t a n e ­
o u s l y  t h e  amount r e c o v e r e d  from t h e  plasma was much more 
than  where t h e  a n a e s t h e t i c  was i n h a l e d .  The d e la y e d  e l i m ­
i n a t i o n  t h e r e f o r e  a p p ears  t o  be  due t o  t h e  d i f f e r e n t  f i x a ­
t i o n  o f  t h e  drug in  t h e s e  c a s e s .
I t  i s  o f  i n t e r e s t  to  n o t e  t h a t  in  one r a b b i t  w h ich  
d i e d  j u s t  b e f o r e  th e  ch lo ro fo rm  i n h a l a t i o n  was s to p p e d  -  
a f t e r  one h o u r a i n h a l a t i o n  -  t h e  amount o f  c h lo r o f o r m  r e c o v ­
ered  was 2 2 .2 4  mg. in  55 c . c .  o f  b l o o d ,  and o f  t h i s  t h e  
c o r p u s c l e s
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c o r p u s c l e s  c o n t a in e d  6 7 .7  per  c e n t ,  and t h e  p lasm a 3 2 . 3  per  
c e n t . ,  so  t h a t  t h e  f a t a l  r e s u l t  was a t  l e a s t  a s s o c i a t e d  
w i t h  a l a r g e  p e r c e n t a g e  o f  c h lo r o fo r m  in  t h e  p la sm a .
INELOENCE ON THE TISSUES OF A SINGLE ADEIKISTRATIOH.
22.
INFLUENCE ON THE TISSUES OF A SINGLE AMINI STRATI ON.
B e f o r e  making o b s e r v a t i o n s  upon t h e  h i s t o l o g i c a l  
changes  f o l l o w i n g  a d m i n i s t r a t i o n  o f  c h lo r o f o r m ,  a s e r i e s  o f  
e x p e r im en ts  were c o n d u cted ,  in  which s m a l l  b l o c k s  o f  t i s s u e  
were immersed f o r  v a r y i n g  t im e s  in  s a l i n e  s o l u t i o n s  c o n ­
t a i n i n g  c h lo r o f o r m .  The r e s u l t s  may be  summarised th u s :  
When k id n ey  or l i v e r  t i s s u e  i s  immersed in  a s a l i n e  s o l u ­
t i o n  c o n t a i n i n g  c h lo r o f o r m ,  d e g e n e r a t i v e  changes  t a k e
OM-
p l a c e  s i m i l a r  t o  th e  normal n e c r o b i o t i c  ch a n g es ,  b u t^ v e r y  
much more r a p i d .  In t h e  c a s e  o f  th e  k id n ey  t h e  g l o m e r u l i  
a re  not  a f f e c t e d  f o r  a v e r y  c o n s i d e r a b l e  t i m e .
1 .  A d m i n i s t r a t i o n  by I n h a l a t i o n . Assumption  and e l i m ­
i n a t i o n  o f  th e  drug are  b o t h  r a p id  in  t h i s  method o f  a d ­
m i n i s t r a t i o n ,  and c o n s e q u e n t l y  th e  drug i s  a c t i n g  f o r  o n l y  
a s h o r t  sp a c e  o f  t im e  upon t h e  t i s s u e s  exam ined.
In t h e  t i s s u e s  taken  from a n im a ls  which  h&ve had 
ch lo r o fo r m  a d m in i s t e r e d  th rou gh  t h e  l u n g s ,  t h e  amount o f  
change in  t h e  l i v e r  and k id n ey  -  which  were th e  organs  
c a r e f u l l y  examined -  was on t h e  w h o le  but  s m a l l .  In some 
c a s e s
23.
c a s e s ,  n o t a b l y  t h o s e  examined some t im e  a f t e r  a n a e s t h e s i a ,  
no v a r i a t i o n  from t h e  normal was o b s e r v a b l e .  In one r a b b i t  
which  was k i l l e d  im m e d ia te ly  a f t e r  th e  a d m i n i s t r a t i o n ,  t h e  
c e l l s  l i n i n g  t h e  d e s c e n d in g  and a s c e n d in g  t u b u l e s  o f  H en le  
and t h e  f i r s t  c o n v o l u t e d  t u b u l e s  showed d e g e n e r a t i v e  chang­
e s .  The l i v e r  was l e s s  a f f e c t e d ,  t h e  c e l l s  b e i n g  in  an 
e a r l y  s t a g e  o f  a lbuminous  d e g e n e r a t i o n .  The c e l l s  o f  t h e  
l i v e r  showed g r a n u l e s  which  d id  n o t  r e a c t  t o  t h e  s t a i n s  f o r  
f a t .
At th e  t im e  t h e  animal  d i e d ,  t h e  b lo o d  c o n t a in e d
7 7 . 3  mg. o f  c h lo r o f o r m  per  100 c . c .  o f  b l o o d .  R e s p i r a t i o n  
had s to p p e d  d u r in g  t h e  a d m i n i s t r a t i o n  o f  t h e  a n a e s t h e t i c .
In  a s m a l l  number o f  o t h e r  a n im a ls  ex p er im e n ted  on^ ch an ges  
were o b serv ed  in  k id n e y  and l i v e r .
When ch lo r o fo r m  i s  a d m in i s t e r e d  th rou gh  t h e
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r e s p i r a t o r y  p a s s a g e s  c o n s i d e r a b l e  amount o f  d e g e n e r a t i o nj  ^
i s  o n l y  o c c a s i o n a l l y  found i n  t h e  k id n e y  and l i v e r  c e l l s .
I t  i s  more marked in  some c a s e s  than  in  o t h e r s  where a  
s i m i l a r  amount o f  c h lo r o fo r m  was g i v e n  t o  a n im a ls  o f  s imilar]  
s i z e .  T h is  may be a s s o c i a t e d  w i t h  t h e  v a r y i n g  r a t e  a t  
w h ich  t h e  drug i s  e l i m i n a t e d  a s  shown by M iss  L in d s a y  ( / 6  ) .  
The d e g r e e  o f  change in  t h e  l i v e r  was n e v e r  g r e a t .  In t h e  
k id n e y  t h e r e  i s  f r e q u e n t l y  c lo u d y  s w e l l i n g  and o c c a s i o n a l l y  
desquam ation
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desquam ation  o f  t h e  e p i t h e l i u m  o f  t h e  t u b u l e s .
2 .  A d m i n i s t r a t i o n  by th e  Stomach. In t h i s  s e r i e s  o f  
o b s e r v a t i o n s  l . c . c .  o f  c h lo r o fo r m  mixed w i t h  9 c . c .  o f  
o l i v e  o i l  was in t r o d u c e d  d u r in g  l i g h t  a n a e s t h e s i a  i n t o  t h e  
stomach o f  r a b b i t s .  The w e i g h t s  o f  th e  a n im a ls  v a r i e d  b e ­
tween 1000 and 2500 grms.  . The m o r t a l i t y  was v e r y  g r e a t .  
The a n im a l s  which s u r v i v e d  t h e  exp er im en t  were k i l l e d  a t  
d i f f e r e n t  p e r i o d s  a f t e r  t h e  a d m i n i s t r a t i o n  o f  th e  d rug .  In 
t h e  organs  examined t h e  d e g r e e  o f  change was found t o  v a r y  
g r e a t l y  w i t h  t h e  l e n g t h  o f  t im e a f t e r  th e  c h lo r o fo r m  was  
a d m i n i s t e r e d .  In c a s e s  where t h e  an im al  was k i l l e d  w i t h i n  
a few h o u rs  o f  th e  a d m i n i s t r a t i o n  v e r y  l i t t l e  change was  
ob served  in  th e  k id n e y  and l i v e r  -  t h e  organs  examined.
A f t e r  t h r e e  h o u r s ,  t h e  c e l l s  o f  t h e  c o n v o l u t e d  
t u b u l e s  o f  t h e  k id n e y  showed marked c lo u d y  s w e l l i n g .  Here  
and t h e r e  desquam ation  was s e e n  in  t h e  a s c e n d in g  and 
d e s c e n d in g  t u b u l e s  o f  H e n le .  In t h e  l i v e r  t h e  c e l l s  a t  t h e  
p e r i p h e r y  o f  t h e  l o b u l e s  showed but  l i t t l e  change -  a t  
most a s l i g h t  d eg r e e  o f  c lo u d y  s w e l l i n g * .  The c e l l s  in  t h e  
c e n t r e  o f  t h e  l o b u l e ,  on t h e  o t h e r  hand,  had undergone a 
g r a n u la r  ch an ge ,  and t h e  n u c l e i  had begun t o  l o s e  t h e i r  
power o f  t a k i n g  on th e  s t a i n .  The g r a n u l e s  gave  a n e g a t i v e  
r e a c t i o n  t o  t h e  s t a i n s  f o r  f a t .
A f t e r
25
A f t e r  f i v e  hours  t h e  c e l l s  l i n i n g  t h e  t u b u l e s  o f  
t h e  k id n e y  now showed marked d e g e n e r a t i o n  and t h e  t u b u l e s  
c o n t a in e d  a lbum inous  m a t e r i a l .  The c e l l s  were f r e q u e n t l y  
v a c u o l a t e d  and t h e  n u c l e i  s t a i n e d  b a d l y .
In t h e  l i v e r ,  t h e  d e g e n e r a t i o n  o f  t h e  c e n t r a l  
c e l l s  o f  t h e  l o b u l e s  was more marked,  and t h e  g r a n u l e s  now 
s t a i n e d  red w i t h  S c h a r la c h  R o t . The p e r i p h e r a l  c e l l s  w ere  
a p p a r e n t l y  h e a l t h y .
At l o n g e r  p e r i o d s  a f t e r  t h e  a d m i n i s t r a t i o n  t h e  
d e g e n e r a t i o n  was found t o  be more ad v a n ced ,  and in  a n im a ls  
k i l l e d  when o b v i o u s l y  d y in g  t h e  k id n ey  was found t o  be  
r a p i d l y  l o s i n g  a l l  s i g n s  o f  i t s  o r i g i n a l  s t r u c t u r e .  The 
g l o m e r u l i  w ere ,  h o w ever ,  ^ f f e c t e d  o n ly  s l i g h t l y ,  e x c e p t  
i n  t h e  a n im a ls  which s u f f e r e d  most  from t h e  a d m i n i s t r a t i o n .  
Haemorrhages in  t h e  k id n e y s  were f r e q u e n t l y  o b s e r v e d ,  and 
in  such i n s t a n c e s  dark c o lo u r e d  g r a n u l e s ,  s i m i l a r  t o  t h o s e  
d e s c r i b e d  by F r a en ke l  ( ( Cf ) Marthen ( SLQ) and Cohn ( .? /  ) 
were g e n e r a l l y  seen  in  t h e  c e l l s  l i n i n g  th e  t u b u l e s  a d j a ­
c e n t  t o  t h e  b lo o d  (figxireal^O^^u-^7,  In t h e  l i v e r  f u r t h e r  
changes  r e s u l t e d  in  t h e  co m p le te  breakdown o f  a l l  t h e  l i v e r  
t i s s u e  i n t o  g r a n u la r  d e b r i s ,  e x c e p t i n g  a l a y e r  two or t h r e e  
c e l l s  t h i c k  a t  t h e  p e r i p h e r y  o f  each  l o b u l e .  In t h e  
g r a n u la r
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g r a n u la r  d e b r i s  g r a n u l e s  r e a c t i n g  to  t h e  s t a i n s  f o r  f a t  
were s e e n .
3 .  A d m i n i s t r a t i o n  by su b c u ta n eo u s  i n j e c t i o n . As in  
c a s e  o f  a d m i n i s t r a t i o n  o f  1 c . c .  o f  c h lo r o fo r m  by t h e
stomach,  t h e  i n j e c t i o n  o f  1 c . c .  r e s u l t e d  in  a h i g h  m o r t a l ­
i t y  in  t h e  a n im a ls  e x p er im en ted  upon.
H i s t o l o g i c a l l y  t h e  ch a n g es  in  t h e  organ s  a r e  v e r y  
s i m i l a r  to  t h o s e  d e t a i l e d  above ,  th e  d i f f e r e n c e  b e i n g  one  
o f  d e g r e e .
In t h e  k id n e y ,  fo u r  h o u rs  a f t e r  t h e  i n j e c t i o n ,  
v e r y  l i t t l e  d e g e n e r a t i o n  was o b se r v e d ,  o n l y  a s l i g h t  d e ­
g r e e  o f  c lo u d y  s w e l l i n g  b e i n g  a p p a r e n t .  A f t e r  f i v e  h o u r s ,  
some v a e u o l a t i o n  was see n  in  one o f  t h e  spec im en s  exam ined.
In one animal k i l l e d  some two h o u rs  l a t e r ,  and in  a d y in g
c o n d i t i o n ,  ( f i g .  ) t h e  k id n ey  showed an ap p ea ra n ce  com­
p a r a b l e  w i t h  t h a t  o b se rv e d  in  some o f  t h e  w o rs t  c a s e s  a f t e r  
a d m i n i s t r a t i o n  by t h e  s tom ach.  The c o n v o l u t e d ,  t h e  a s c e n d ­
i n g  and d e s c e n d in g ,  and t h e  c o l l e c t i n g  t u b u l e s  showed l i t t l e  
s i g n  o f  c e l l u l a r  l i n i n g .  They were choked w i t h  a lbum inous  
d e b r i s .  The g l o m e r u l i  r e t a i n e d  an ap p earan ce  a p p r o x im a te -  
i n g  to  t h e  normal.  There was g e n e r a l l y  c o n g e s t i o n  and h a e -  
[^ b r r h a g e  in  t h e  k id n e y s  examined.
In
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In  t h e  l i v e r  t h e r e  was g e n e r a l l y  some n e c r o s i s  
In t h e  c e n t r e  o f  t h e  l o b u l e  even a v e r y  few  h o u rs  a f t e r  
t h e  a d m i n i s t r a t i o n , and as  t im e  advanced t h i s  i n c r e a s e d  
in  amount ( f i g u r e  ) .  In t h e  w o rs t  c a s e s  where th e
animal was k i l l e d  when d y in g ,  t h e  organ was a honeycomb o f  
c h e e s y  m a t e r i a l  showing v e r y  l i t t l e  s i g n  o f  t h e  o r i g i n a l  
l i v e r  s t r u c t u r e .
I t  i s  n o t a b l e ,  how ever ,  t h a t  t h e  e f f e c t  o f  t h e  
c h lo r o fo r m  on t h e  l i v e r  i s  n o t  so marked when i t  i s  i n ­
j e c t e d  a s  when i t  i s  g i v e n  by t h e  s tom ach.
INFLUENCE ON METABOLISM OP A SINGLE ADMINISTRATION.
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INFLUENCE ON METABOLISM OF A SINGLE ADMINISTRATION.
A s u b s t a n c e  e x e r t i n g  such p o i s o n o u s  e f f e c t s  upon 
t h e  t i s s u e s  a s  t h o s e  d e t a i l e d  above  might  be e x p e c t e d  t o  
i n f l u e n c e  p r o f o u n d ly  t h e  m e t a b o l i c  p r o c e s s e s  o f  t h e  body,  
That ch lo r o fo r m  has  such e f f e c t s  has  been  a b u n d a n t ly  shown 
by S a lk o w sk i  { &nd o t h e r  o b s e r v e r s .  The mw » t  r e c e n t
work by N oe l  Paton  ( ) i l l u s t r a t e s  t h e  p o i n t s  w e l l  w i t h
r egard  t o  t h e  t h r e e  methods o f  a d m i n i s t r a t i o n  and may be  
a l l u d e d  t o  a t  some l e n g t h .
The e f f e c t s  o f  t h e  drug upon m e ta b o l i sm  a r e  d e ­
duced from t h e  changes  in  t h e  p r o d u c t s  o f  p r o t e i n  b r e a k ­
down a s  found in  t h e  u r i n e .  Any q u a n t i t a t i v e  ch an ges  are  
i n d i c a t e d  by changes  in  t h e  t o t a l  amount o f  n i t r o g e n  e x ­
c r e t e d  per  diem, w h i l e  q u a l i t a t i v e  changes  a r e  i n d i c a t e d  
by a l t e r a t i o n s  in  t h e  d i s t r i b u t i o n  o f  n i t r o g e n  and s u lp h u r  
in  th e  d i f f e r e n t  n i t r o g e n - a n d  s u l p h u r - c o n t a i n i n g  c o n s t i t ­
u e n t s  o f  t h e  u r i n e .  In th e  e x p e r im e n ts  performed t h e  a n i ­
m als  were kept  upon a f i x e d  d i e t  u n t i l  m e t a b o l i c  e q u i l i b r i ­
um was e s t a b l i s h e d ,  t h e  drug was then  given^ and t h e  amounts  
o f  n i t r o g e n  and su lp h u r  in  t h e  v a r i o u s  c o n s t i t u e n t s  o f  t h e  
u r in e
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u r i n e  were th e n  i n v e s t i g a t e d  f o r  a l o n g e r  or  s h o r t e r  p e r i o d  
d ep en d in g  upon t h e  d e g r e e  o f  d i s t u r b a n c e  w hich  r e s u l t e d .
The r e s u l t s  o f  t h e s e  o b s e r v a t i o n s  may b e  b r i e f l y  
summarised.  When c h lo r o fo r m  i s  a d m in i s t e r e d  th ro u g h  t h e  
r e s p i r a t o r y  p a s s a g e s ,  t h e  e f f e c t  upon m e ta b o l i sm  i s ,  a t  
w o r s t ,  but s l i g h t .  The h e p a t i c  m eta b o l i sm ,  by w hich  am­
monia compounds a r e  changed t o  u r e a ,  a p p ea rs  t o  b e  s t i m u ­
l a t e d .  T h is  s t i m u l a t i o n  does  n ot  seem t o  b e  f o l l o w e d  by  
any a f t e r - d e p r e s s i o n .  There was o c c a s i o n a l l y  an i n ­
c r e a s e d  c o n v e r s i o n  o f  ammonia t o  u r e a .  Thus t h e  p r o p o r ­
t i o n  o f  N i t r o g e n  a s  urea  remained unchanged o r  s l i g h t l y  i n ­
c r e a s e d ,  w h i l e  t h e  N i t r o g e n  in  N was unchanged or s l i g h t ­
l y  d e c r e a s e d .
N oe l  Paton  shows t h a t  i n  a few i n s t a n c e s  t h e  drug 
e x e r t s  a t o x i c  a c t i o n  upon t h e  k i d n e y s .  T h is  i s  demon-  
s t r a t e d  by t h e  e x i s t e n c e  o f  p q r t e i n s  and o f  r e n a l  e p i ­
t h e l i u m  in  t h e  u r i n e .
When g iv e n  by t h e  stomach t h e  p r o t e i n  d i s i n t e ­
g r a t i o n  cau sed  by t h e  a d m i n i s t r a t i o n  o f  c h lo r o f o r m  i s  
g r e a t l y  i n c r e a s e d ,  p a r t i c u l a r l y  on t h e  day o f  or th e  day  
a f t e r  t h e  a d m i n i s t r a t i o n .  A f t e r  a day or two t h e  p r o p o r ­
t i o n  o f  th e  v a r i o u s  N i t r o g e n - c o n t a i n i n g  s u b s t a n c e s  in  t h e  
u r i n e  undergo marked c h a n g e s ,  t h e  Urea -  N i t r o g e n  
d i m i n i s h e s
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d i m i n i s h e s ,  t h e  N -  N i n c r e a s e s ,  and l a t e r  t h e  r e s i d u a l  
N i n c r e a s e s  ( s e e  P i g . X . ) .  The i n c r e a s e  i n  t h e  l a t t e r  i s  
v e r y  marked and N oe l  Paton  s u g g e s t s  t h a t  i t  p r o b a b ly  r e ­
p r e s e n t s  t h e  a p p earan ce  o f  a m i n o - a c i d s .  The p r o p o r t io n  
o f  u n o x i d i s e d  su lp h u r  t o  t o t a l  su lphur  shows a  d i s t i n c t  
f a l l .
With th e  i d e a  o f  th ro w in g  some l i g h t  upon t h e  
n a t u r e  o f  t h e  p r o d u c t s  forming  t h e  r e s i d u a l  N, and t h u s  
t e s t i n g  P a to n * s  h y p o t h e s i s  a s  r e g a r d s  t h e  p r e s e n c e  o f  amino 
a c i d s .  M iss  L in d s a y  ( )  made c o m p le te  a n a l y s e s  in  t h e  
c a s e  o f  t h r e e  d o g s .  She found ,  in  a d d i t i o n  t o  t h e  i n c r e a s e  
in  t o t a l  n i t r o g e n  and t h e  d im in u t io n  in  u r e a - n i t r o g e n ,  w i t h  
r i s e  in  NH  ^ n i t r o g e n ,  t h a t  t h e  r e s i d u a l  N c o u ld  be  d i v i d e d  
i n t o  a l l a n t o i n  N, amino a c i d  N, c r e a t i n i n  N, and c r e a t i n  N 
w i t h  a sm a l l  p e r c e n t a g e  o f  undeterm ined  n i t r o g e n .
A s l i g h t  r i s e  in  a l l a n t o i n - N  i s  n o t e d ,  which  i s  
p r o b a b ly  cau sed  by t h e  t o x i c  a c t i o n  o f  t h e  drug upon t h e  
l i v e r  c e l l s .
The amino a c id -N  r o s e  in  each  c a s e ,  t h e  r i s e  g e n ­
e r a l l y  b e i n g  i n  mon-amino a c i d s ,  but  in  one c a s e  t h e  r i s e  
was p r o b a b ly  due to  i n c r e a s e  in  d i -a m in o  a c i d s  and p o l y ­
p e p t i d e s .  The c r e a t i n i n - N  remained p r a c t i c a l l y  unchanged,  
b u t  c r e a t i n  appeared  i n  t h e  u r in e  two or t h r e e  days  a f t e r  
t h e  a d m i n i s t r a t i o n s .  T h i s  d i s t u r b a n c e  o f  t h e  c r e a t i n  
m e ta b o l i sm
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m e ta b o l i s m  i s  a s s o c i a t e d  w i t h  t h e  d i s t u r b a n c e  in  t h e  h e ­
p a t i c  f u n c t i o n s ,  and U n d e r h i l l  and K l e i n e r  ( ) found
f a t t y  d e g e n e r a t i o n  and c r e a t i n  e x c r e t i o n  f o l l o w i n g  i n j e c ­
t i o n  o f  hydrogen s u l p h a t e ,  w h i l e  M el lanby ( ) found
c r e a t i n  i n  c o n s i d e r a b l e  amount in c a s e s  o f  carc inom a o f  
t h e  l i v e r .  The amount o f  c r e a t i n  in  t h e  u r i n e  may be  
t a k e n ,  a c c o r d i n g  t o  Hoogenhuyze and V e r p lo e g h  { a s
an i n d i c a t i o n  o f  th e  e x t e n t  o f  th e  h e p a t i c  d i s t u r b a n c e .
The u n d eterm in ed  n i t r o g e n  p r o b a b ly  r e p r e s e n t s  d i -  
amino a c i d s  and p o l y p e p t i d e s .
These  e f f e c t s  upon t h e  m e ta b o l i sm  s u g g e s t ^  t h a t  
when g i v e n  by th e  mouth c h lo ro fo rm  e x e r t s  a t o x i c  a c t i o n  
upon t h e  l i v e r  c e l l s ,  n o t a b l y ,  a day or two a f t e r  t h e  ad­
m i n i s t r a t i o n .  The u r i n e  a l s o  shows t h e  p r e s e n c e  o f  t u b e -  
c a s t  s ,  r e n a l  e p i t h e l i u m  and p r o t e i n ,  so t h a t  t h e  k id n e y  i s  
a f f e c t e d  a l s o .  T h i s  i s  much l e s s  marked when c h lo r o fo r m  i s  
g i v e n  as  an i n h a l a t i o n .
When c h lo r o f o r m  i s  g i v e n  h y p o d e r m i c a l l y  i t  a c t s  
in  t h e  same way a s  when g i v e n  by t h e  mouth, but  n o t  so  
m a rk ed ly .  The t o x i c  e f f e c t  upon t h e  l i v e r  c e l l s  d o es  n o t  
appear  t o  be  so g r e a t  a s  when t h e  drug i s  g i v e n  by th e  
mouth.  There may b e  a f a l l  in  u r i n e  N, w i t h  a  r i s e  in  r e ­
s i d u a l  N and i n  ammonia N, but  in  o t h e r  i n s t a n c e s  t h e r e  may 
be
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b e  no d e f i n i t e  change in  t h e  n i t r o g e n  e x c r e t i o n .
Thus i t  would seem as  i f  t h e  r a p id  assu m p t io n  o f  
c h lo r o f o r m ,  when a d m in i s t e r e d  through  t h e  l u n g s ,  and t h e  
r e l a t i v e l y  r a p i d  e l i m i n a t i o n ,  s t i m u l a t e  t h e  h e p a t i c  m etab­
o l i s m ;  w hereas  t h e  ch lo r o fo r m ,  more s l o w l y  ab so r b e d  and 
e l i m i n a t e d ,  and t h e r e f o r e  h a v in g  a much more p r o lo n g e d  a c ­
t i o n  when g i v e n  by  t h e  mouth or h y p o d e r m i c a l l y ,  l e a d s  t o  an 
a c t u a l  i n j u r y  o f  t h e  l i v e r  and k id n e y  c e l l s .
THE INILUMCS OP CHLOROFORM UPON THE BLOOD
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THE INFLUENCE OF CHLOROFORM UPON THE BLOOD
As ch lo r o fo r m  i s  c a r r i e d  t o  t h e  t i s s u e s  by t h e
l i p o i d s  o f  th e  b l o o d ,  t h e  au th o r  c o n s id e r e d  i t  a m a t t e r  o f
im p ortan ce  t o  i n v e s t i g a t e  t h e  q u e s t i o n  w hether  t h e  b lo o d  
Æ \
c o r p u B ô le s  were e f f e c t e d  by t h e  co m b in a t io n  o f  c h lo r o fo r m  
w i t h  t h e i r  l i p o i d s .  Any e f f e c t  upon t h e  c o r p u s c l e s  might  
show t h e m s e l v e s  on H i s t o l o g i c a l  e x a m in a t io n  or i n  b l o o d  
c o u n t s  ta k en  a t  v a r i o u s  t im e s  a f t e r  t h e  a d m i n i s t r a t i o n .
In h i s  e x am inat ion  o f  t h e  b l o o d  a f t e r  c h lo r o fo r m ,
'-4
Dawson made s e v e r a l  [red b l o o d j c o u n t s  in  a d d i t i o n  t o  many 
l e u c o c y t e  e s t i m a t i o n s ,  and a r r i v e d  a t  t h e  c o n c l u s i o n  t h a t  
t h e r e  was p r a c t i c a l l y  no v a r i a t i o n  in  t h e  number o f  red  
c o r p u s c l e s ,  a l th o u g h  he  r e f e r s  t o  a  s l i g h t  but p e r s i s t e n t  
r i s e  a f t e r  a d m i n i s t r a t i o n  o f  c h lo r o fo r m  t o  a d o g .  As t h e  
b l o o d  c o u n t s  were made in  most c a s e s  for  o n ly  some h o u r s  
a f t e r  t h e  a n a e s t h e t i c ,  and a s  in any c a s e  i t  i s  im probab le  
t h a t  much v a r i a t i o n  c o u ld  t a k e  p l a c e  in  t h a t  t im e ,  a s e r i e s  
o f  c o u n t s  was undertaken  t o  endeavour t o  f i n d  what e f f e c t  
t h e  a d m i n i s t r a t i o n  o f  c h lo r o fo r m  had upon th e  b lo o d  c o r ­
p u s c l e s  a s  shown on t h e  days  f o l l o w i n g  t h e  a d m i n i s t r a t i o n .  
The
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The l e u c o c y t e  c o u n t s  have  been  f u l l y  d e a l t  w i t h  
by Dawson, who found a s l i g h t  d i m in u t io n  a f t e r  c h lo r o f o r m  
a n a e s t h e s i a .  ( < ^ )
As in  t h e  p r e v i o u s  s e c t i o n s  o f  t h i s  work, th e  
c h lo r o fo r m  was a d m in i s t e r e d  in  one o f  t h r e e  d i f f e r e n t  ways  
(a)  th ro u g h  t h e  r e s p i r a t o r y  p a s s a g e s ,  (b) by s u b c u ta n e o u s  
i n j e c t i o n  and (c )  i n t r o d u c e d ,  mixed w i t h  o l i v e  o i l ,  i n t o  
t h e  stomach by means o f  an o e s o p h a g e a l  t u b e .  The method  
o f  e s t i m a t i o n  ad o p te d  was t h e  Haemocytometer o f  Thoma as  
made by  Z e i s s .  Two s e t s  o f  3 l a r g e  s q u a r e s  -  96 s m a l l  
s q u a r e s  were co u n ted  f o r  each e s t i m a t i o n .
In t h e  f i r s t  p l a c e  a s e r i e s  o f  c o n t r o l  e s t i m a ­
t i o n s  w ere  made w i t h  normal r a b b i t s  and t h e  v a r i a t i o n  from 
day t o  day was found t o  be v e r y  l i t t l e  over  5^ r i s e  or  
f a l l .  For example  r a b b i t  7 g i v e s  f o r  s i x  c o n s e c u t i v e  days ,  
6 , 4 8 0 , 0 0 0 ,  6 , 1 6 0 , 0 0 0 ,  5 , 8 0 0 , 0 0 0 ,  5 , 8 4 0 , 0 0 0 ,  6 , 0 0 0 , 0 0 0  
6 , 3 0 0 , 0 0 0  
and N o . 53 f o r  a  s i m i l a r  p e r i o d  gave
5 , 7 6 0 , 0 0 0 ,  5 , 4 3 0 , 0 0 0 ,  5 , 3 6 0 , 0 0 0 ,  5 , 2 0 0 , 0 0 0 , 5 , 3 4 0 , 0 0 0 ,  
5 , 2 0 0 , 0 0 0
B lood  c o u n t s  were now c a r r i e d  out i n  a n im a ls  b e ­
f o r e  and a f t e r  t h e  a d m i n i s t r a t i o n  o f  th e  drug .  In some 
i n s t a n c e s  p r e - c h l o r o f o r m  b l o o d - c o u n t s  were c o n t in u e d  f o r  
some
35.
some days  b e f o r e  t h e  drug was g i v e n  so t h a t  t h e  normal  
v a r i a t i o n  was known.
A d m i n i s t r a t i o n  by I n h a l a t i o n .
The d e g r e e  o f  change in  number o f  red  c o r p u s c l e s  
v a r i e d  t o  some e x t e n t  w i t h  t h e  l e n g t h  o f  t im e  d u r in g  which  
t h e  a n a e s t h e t i c  was a d m i n i s t e r e d ,  but t h e  v a r i a t i o n  was not  
c o n s t a n t .  In a l l  c a s e s  t h e  c h lo ro fo r m  was a d m i n i s t e r e d  
f o r  ^ or 1 hour and f o r  one t im e  o n l y .
T ab le  I .  shows,  in  m i l l i o n s ,  t h e  v a r i a t i o n  in  
number o f  red  c o r p u s c l e s  from day t o  day a f t e r  t h e  a d m in i s -  
t  r a t  i  o n .
No. o f  
Ani­
mal .
B e f o r e
admin­
i s t r a ­
t i o n
Day
a f t e r
2 n d . day  
a f t e r
3 r d . day 
a f t e r
4 t h . day 
a f t e r
5 t h .d a )  
a f t e r
6 t h .
day
a f t e ]
Ri se
p e r
c e n t
Time o f  
admin­
i s t r a ­
t i o n
19 6 . 9 8 . 2 4 8 . 4 7 .48 7 . 3 6 7 . 6 6 . 9 20 i  h r .
§0 5 .8 4 6 . 5 6 7 .20 6 .4 0 5 . 6 0 1 2 - 2 0 j  hr .
22 6 .0 8 7 .44 7 .56 6 . 6 5 . 6 24 1 h r .
26 6 .0 7 . 2 8 7 .24 7 . 6 2 6 . 3 2 6 .4 4 6 . 9 20 i  h r .
32 5 .4 4 4 . 2 5 4 . 7 2 4 . 4 4 . 8 3 d i e d 1 hr
35 5 . 3 2 6 . 5 6 .3 4 5 . 4 3 5 .4 7 24 i  h r .
37 6 .2 3 7 . 0 3 6 . 6 6 6 . 0 6 6 . 9 3 16 1 h r .
38 7 . 0 9 7 . 7 3 6 .6 7 7 . 1 2 10 1 h r .
39 7 . 3 6 6 . 4 2 4 . 8 7 4 . 3 1 di ed 1 h r .
40 5 . 7 6 6 .4 9 6 . 5 9 13 1 h r .
41 6 .8 7 .74 6 . 7 6 6 .2 4 5 . 9 2 11 1 h r .
43 6 .7 5 7 . 4 4 6 .9 4 10 i  h r .
Average r i s e  in  t h e  10 a n im a ls  t h a t s u r v iv e d 16^
56.
I t  w i l l  be s e e n  from t h i s  t a b l e  t h a t  two r a b b i t s  
showed a d im in u t io n  in  t h e  red b l o o d - c o u n t s  a f t e r  t h e  a n a e s ­
t h e t i c  and b o t h  o f  t h e s e  a n im a ls  d i e d ,  one on t h e  t h i r d  
day and t h e  o t h e r  on t h e  4 t h . d a y  a f t e r  t h e  a n a e s t h e t i c .
On t h e  o t h e r  hand in  t h e  t e n  c a s e s  wnere t h e  a n i ­
mal s u r v iv e d  f o r  a week a t  l e a s t ,  or which  were k i l l e d  w h i l e  
a p p a r e n t l y  h e a l t h y ,  t h e  red  b lo o d  c o r p u s c l e s  i n c r e a s e d  in  
number.The s m a l l e s t  i n c r e a s e  was in  N o s . 38 and 42 where  
t h e  c o r p u s c l e s  i n c r e a s e d  t o  t h e  e x t e n t  o f  10^ in  eacn  c a s e .  
In N o s . 22  and 55 on t h e  o th e r  hand, t h e  i n c r e a s e  was a s  
much a s  24^.
For t h e  w h o le  s e r i e s  t h e  r e s u l t s  may be mapped out
in  t h e  form o f  a cu r v e  t h u s : -
A f t e rB e f o r e
2 n d . day 3 r d . d a y .4 t h . day1 s t .day
7 . 2 5 0
6 . 7 5 0
6 . 5
6 .2 5
The
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The r i s e  i s  a sharp one and in  a few  c a s e s  t h e  c r e s t  o f  
t h e  wave i s  o n ly  r ea ch ed  on t h e  secon d  day a f t e r  t h e  a n a e s ­
t h e t i c .
A d m i n i s t r a t i o n  by Subcutaneous  I n j e c t i o n .
Here t h e  change in  red b l o o d - c o u n t s  was v e r y  
marked -  much more so than in  t h e  c a s e  o f  a d m i n i s t r a t i o n  
by i n h a l a t i o n .
In a l l  c a s e s  one or two c o u n ts  w ere  made and th en  
1 c . c .  o f  pure  c h lo r o f o r m  was i n j e c t e d  s u b c u t a n e o u s l y .
T a b le  I I .  shows,  in  m i l l i o n s ,  t h e  v a r i a t i o n  in  
number o f  red  c o r p u s c l e s  from day t o  day a f t e r  t h e  i n j e c ­
t i o n .
No.
Day o f  
i n j e c ­
t i o n
1 s t , day 
a f t e r
2 n d . day 
a f t e r
3 r d . day 
a f t e r
4 t h . d a y  
a f t e r
5 t h .d a y  
a f t  er
6 t h . day 
a f t  er
R i s e
%
5 6 .3 2 7 . 5 6 . 6 6 .4 6 . 8 6 . 3 19
6 5 . 6 4 . 8 d ie d f a l l
8 5 . 6 7 .84 7 . 6 6 . 6 8 6 . 4 6 . 6 6 . 3 25
9 5 . 6 6 .7 5 .8 5 6 .1 6 5 .8 4 5 .4 20
10 5 . 6 5 . 6 d ie d
12 5 . 7 6 6 . 5 6 . 7 2 5 . 8 4 6 . 0 5 . 6 6 .9 2 14
13 5 .0 4 5 . 1 2 5 . 4 8 d i  ed 1 . 5
14 5 . 4 6 . 9 6 6 .6 4 6 . 0 8 6 . 4 29
15 5 .4 6 . 4 8 6 .6 4 6 . 5 20
21 5 . 6 7 .44 7 .2 7 .0 4 33
24 6 . 3 2 8 .88 k i l l e d 40
42 6 .7 9 8 . 2 0 7 . 2 3 7 . 4 4 7 . 5 2 21
A verage 2 5 . 5
38.
The r i s e  in  number o f  red  c e l l s  i s  v e r y  s t r i k i n g ;  
and i t  i s  o f  c o n s i d e r a b l e  i n t e r e s t  t h a t  i n  t h e  t h r e e  c a s e s  
where t h e r e  was e i t h e r  a f a l l  in  t h e  count or an i n c o n s i d ­
e r a b l e  r i s e ,  t h e  animal  d i e d  w i t h i n  a v e r y  s h o r t  t i m e .
The a v e r a g e  r i s e  f o r  t h e  day a f t e r  t h e  a d m i n i s ­
t r a t i o n  i s  2 5 .5 ^  i n  t h e  9 e x p er im en ts  c i t e d ,  compared w i t h  
16^ in  t h e  10 e x p e r im e n ts  where c h lo ro fo rm  was i n h a l e d .
For t h i s  s e r i e s  th e  c u r v e  i s  a s  under .
M i l l i o n s  
o f  c o r - B e f o r e A f t e r
1 s t ,  day 2 n d . day. 3 r d . day.,  4 t h . d a y
7 .25
6 . 7 5
6 .2 5
5 . 7 5
At t h e  end o f  t h e  4 t h . d a y  a f t e r  t h e  a d m i n i s t r a t i o n  t h e
normal had n o t  been reach ed  in  most o f  t h e  c a s e s .  T h i s  
g e n e r a l l y  was n o t  a r r i v e d  a t  u n t i l  t h e  8 t h . o r  1 0 t h .  d a y .  
The
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The c r e s t  o f  t h e  wave was reach ed  on t h e  day  
f o l l o w i n g  t h e  i n j e c t i o n  o f  ch lo r o fo r m  i n  a l l  t h e  e x p e r im e n t s  
perform ed  i n  t h i s  way.
A d m i n i s t r a t i o n  by t h e  Stomach.
One c u b i c  c e n t i m e t e r  o f  c h lo r o fo r m  was made up 
t o  10 c . c s .  w i t h  o l i v e  o i l  and a d m in i s t e r e d  th ro u g h  an 
o e s o p h a g e a l  tu b e  p a s s e d  w h i l e  t h e  r a b b i t  was under e t h e r  
a n a e s t h e s i a .  The q u e s t i o n  o f  th e  e f f e c t  o f  such  a d o s e  o f  
pure  o i l  was f i r s t  c o n s i d e r e d ,  and t h a t  amount was a d m in is  
t e r e d  in  3 e x p e r im e n ts  w i t h o u t  an a p p r e c i a b l e  r i s e  on t h e  
f o l l o w i n g  nor on t h e  t h i r d  day.
The r e s u l t s  when c h lo r o fo r m  was g i v e n  were a s
f o l l o w s .
No.
Day
b e f o r e
1 s t .day  
a f t e r
2nd .day  
a f t e r
3 r d . day 
a f t e r
4 t h . d a y  
a f t e r
5 t h . day  
a f t  er
6 t h . day  
a f t  er
% R i s e
33 5 . 4 6 7 .3 6 . 1 6 6 . 0 2 6 .0 7 5 . 5 6 k i l l e d 35
36 5 .8 4 6 . 7 2 6 . 4 8 5 . 8 8 5 .7 k i l l e d 15
44 7 . 6 0 8 . 8 7 . 6 d ie d 16
45 6 .4 7 .94 7 .28 7 .46 7 .2 6 .4 6 .2 4 24
46 6 . 1 6 7 . 8 2 d i e d 28
53 5 . 2 4 . 8 4 . 5 2 d ie d f a l l
51 7 . 3 6 7 . 2 8 d ie d f a l l
56 5 .8 4 7 . 6 8 . 4 5 8 . 2 4 7 . 6 7 k i l l e d 31
57 6 .0 6 6 . 4 6 .4 6 . 3 2 k i l l e d 7
A verage  R i s e  22^
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The m o r t a l i t y  in  r a b b i t s  t h a t  have c h lo r o f o r m  
a d m i n i s t e r e d  in  t h i s  way i s  a lw a y s  h i g h  and i t  i s  most  
s i g n i f i c a n t  t h a t  in  b o t h  c a s e s  where th e  r e d - c o u n t  d im in -  
i s h e d  t h e  an im al  d i e d ,  comparing in  t h a t  p a r t i c u l a r  w i t h  
t h o s e  a n im a ls  w hich  had t h e  a n a e s t h e t i c  a d m in i s t e r e d  in  
t h e  o r th o d o x  way, through  t h e  r e s p i r a t o r y  p a s s a g e s ,  and 
w i t h  t h o s e  where t h e  drug was i n j e c t e d  s u b c u t a n e o u s l y .  In 
t h o s e  a n im a ls  which  s u r v i v e d  t h e  a d m i n i s t r a t i o n  t h e  cu rv e  
i s  a s  f o l l o w s .
M i l l i o n s
o f  c o r p u s -  B e f o r e  
c l e s .  ______ _
A f t e r
I s t . d a y j  2 n d . day 3 r d . day, 4 t h . d a y
7 .25
6 .7 5
6 .2 5
5 . 7 5
The a v e r a g e  r i s e  f o r  th e  day f o l l o w i n g  t h e  a d m i n i s t r a t i o n
i s  22^.  n e a r l y  a s  h i g h  as  in  th e  e x p e r im e n t s  where c h l o r o ­
form was i n j e c t éd s u b c u t a n e o u s l y .
41.
M i c r o s c o p i c a l  Appearance o f  t h e  B l o o d .
The change in  t h e  number o f  t h e  red  c o r p u s c l e s  
was so marked and so un iform  t h a t  f i l m s  were made and e x ­
amined t o  s e e  i f  any s i g n s  c o u ld  be found o f  u n u su a l  a c -  
t i v i t y  in  t h e  bone marrow to a ccou n t  f o r  t h e  p o l y c y t h a e n i a .  
Specim ens  were ta k e n  t h e  day b e f o r e  t h e  a n a e s t h e t i c  was  
a d m i n i s t e r e d  and t h en  f o r  s e v e r a l  days a f t e r w a r d s .  The 
s t a i n  used  th r o u g h o u t  was J en n e rs  s t a i n  or Le ish m an *s ,  
o c c a s i o n a l l y  made up from t a b l e t s ,  but g e n e r a l l y  from 
pow der .
The f i r s t  b lo o d  was taken  from r a b b i t  N o . 1 4 ,  and
examined w i t h  a Z e i s s  1 homogeneous immersion o b j e c t i v e .
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About 2 p e r  c e n t  o f  t h e  red  c o r p u s c l e s  were  found t o  be in  
a s t a t e  o f  g r a n u la r  d e g e n e r a t i o n .  The g r a n u la r  d e g e n e r a ­
t i o n  was v e r y  marked and was o b se r v e d  f o r  some days  a f t e r ­
w ards ,  t h e  number o f  g r a n u la r  c e l l s  becoming reduced  as  
t im e  p r o g r e s s e d .  The o b s e r v a t i o n s  were r e p e a t e d  w i t h  r a b ­
b i t  N o . 15 and a g a in  t h e  d e g e n e r a t e d  c e l l s  were fo u n d .  As 
t h e s e  c e l l s  were not  found in  f i l m s  made b e f o r e  t h e  admin­
i s t r a t i o n ,  i t  appeared o b v io u s  t h a t  t n e y  r e s u l t e d  from t h e  
a d m i n i s t r a t i o n .  In a l l  a s e r i e s  o f  10 r a b b i t s  w i t h  t h e  
a n a e s t h e t i c  a d m in i s t e r e d  in  t h e  t h r e e  d i f f e r e n t  ways q uoted  
above
42.
a b ove  showed d e f i n i t e  g r a n u la r  d e g e n e r a t i o n  a f t e r  a d m i n i s ­
t r a t i o n  o f  t h e  drug.
M i c r o c y t e s  and p o ï k i l o c y t e s  w ere  o f  f r e q u e n t  o c ­
c u r r e n c e  in  a l l  f i l m s  examined a f t e r  c h lo r o f o r m ,  but  no nu­
c l e a t e d  red  c e l l s  were fou nd .
E x a m in a t io n  o f  t h e  Bone Marrow.
In  a l a r g e  p r o p o r t i o n  o f  c a s e s  t h e  bone marrow 
was exam ined .  S i g n s  o f  a c t i v i t y  were p r e s e n t  in  most  o f  
t h e  sp e c im e n s  exam ined,  and in  a few i n s t a n c e s  t h e  a c t i v i t y  
was v e r y  marked i n d e e d .  On t h e  o t h e r  hand in  some o f  t h e  
r a b b i t s  t h a t  d i e d  t h e r e  was e v i d e n c e  o f  h y a l i n e  d e g e n e r a ­
t i o n .
C o n s i d e r a t i o n  o f  R e s u l t s .
The v e r y  marked p o l y c y t h a e n i a  t h a t  i s  r e f e r r e d
t o  a b ove  r e q u i r e s  some e x p l a n a t i o n ,  and t h e r e  a r e  s e v e r a l
p o s s i b l e  c a u s e s  f o r  t h i s  phenomenon.
In t h e  f i r s t  p l a c e  N o th n a g e l  and O s t e r t a g  h e l d  
t h a t  t h e  a c t i o n  o f  c h lo r o f o r m  was p r i m a r i l y  upon th e  red
c o r p u s c l e s ,  and t h a t  t h e s e  were i n  p a r t  d e s t r o y e d .  Th&s
c o n c e p t i o n
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c o n c e p t i o n  i s  t o  some e x t e n t  supported  by Buckmaster and GërdW 
ner  who showed t h a t  d u r in g  t h e  e a r l i e s t  s t a g e s  o f  a n ­
a e s t h e s i a  t h e  b lood  became r a p i d l y  charged w i t h  ch lo r o fo r m  
w hich  i s  h e l d  c h i e f l y  by th e  red  c o r p u s c l e s .  Those red  
c o r p u s c l e s  w hich  h o ld  th e  ch loro form  must b e  t o  some e x t e n t  
^ f f e c t e d  by i t  and might q u i t e  w e l l  be th e  d e g e n e r a t e d  c e l l s  
see n  under t h e  m ic r o s c o p e .
The p r e s e n c e  o f  a number o f  e f f e t e  c o r p u s c l e s  in  
t h e  b lo o d  w hich  a r e  u n a b le  t o  c a r r y  on t h e i r  u su a l  f u n c t i o n  
would s u f f i c e  to  s t i m u l a t e  t h e  bone marrow t o  a c t i v i t y .
The c h lo r o f o r m  i t s e l f ,  which i s  l e t h a l  a f t e r  a t im e ,  pr im­
a r i l y  a c t s  a s  an e x c i t i n g  agent  on l i v i n g  c e l l s , a n d  would I
t h e r e f o r e  s t i m u l a t e  t h e  marrow c e l l s  t o  a c t i v i t y .
Another p o s s i b l e  e x p l a n a t i o n  o f  t h e  i n c r e a s e d  '
number o f  r ed  c e l l s  might be t h a t  t h e r e  i s  an i n c r e a s e d  o u t ­
put  o f  u r i n e  dur ing  or a f t e r  a n a e s t h e s i a .  A c co rd in g  t o  
Thompson( ) who conducted  a s e r i e s  o f  e x p e r im e n ts  on
d o g s ,  which  were a n a e s t h e t i s e d  by i n h a l a t i o n  f o r  p e r i o d s  o f  
from two t o  four  h o u r s ,  t h e  q u a n t i t y  o f  u r in e  s e c r e t e d  i n ­
c r e a s e s  d u r in g  t h e  e a r l y  s t a g e s  when t h e  a n a e s t h e s i a  i s
l i g h t ,  but i s  d im in i s h e d  or s u p p r e s s e d  d u r in g  f u l l  a n a e s ­
t h e s i a .
During c h lo r o fo r m  a n a e s t h e s i a  th e  u r i n e  s e c r e t e d
i s
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i s  i n v a r i a b l y  more d i l u t e  than normal,  even w i t h  d im in i s h e d  
amount. He f i n d s  t h a t  t h e r e  i s  a g e n e r a l  but not  a c c u r a t e  
c o r r e s p o n d e n c e  between  u r in e  o u t f l o w ,  k id n ey  volume,  and 
b lo o d  p r e s s u r e .  A f t e r  t h e  removal o f  t h é  a n a e s t h e t i c  t h e  
amount o f  u r i n e  s e c r e t e d  i n c r e a s e s  g r e a t l y ,  sometimes  as  
much as  four  t im e s  t h e  normal.  The maximum o u t f l o w  o c c u r s  
about  t h r e e  hours  a f t e r  removal o f  t h e  a n a e s t h e t i c .
I t  seems p r o b a b le ,  th e n ,  t h a t  th e  i n c r e a s e d  num­
b e r  o f  red c o r p u s c l e s  i s  due in  p a r t  a t  l e a s t  t o  i n c r e a s e d  
c o n c e n t r a t i o n  o f  t h e  b l o o d .
In an e f f o r t  t o  prove  t h i s  p o i n t ,  t h e  a u thor  t o o k  
normal r a b b i t s  and e s t i m a t e d  t h e  s p e c i f i c  g r a v i t y  o f  t h e i r  
b l o o d .  Other r a b b i t s  w ere  taken  a f t e r  a d m i n i s t r a t i o n  o f  
c h lo r o f o r m ,  and t h e  s p e c i f i c  g r a v i t y  o f  t h e i r  b lo o d  was 
e s t i m a t e d .  The r e s u l t s  o f  th e  e x p er im en ts  a r e  re co r d e d  in  
Appendix  ITf  , and a r e  in  fa v o u r  o f  t h i s  l a s t  h y p o t h e s i s .
THE EFFECTS OP CHLOROFORM WHM REPEATEDLY 
ADMINISTERED IN SMALL DOSES.
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THE EFFECTS OF CHLOROFORM WHEN REPEATEDLY 
ADMINISTERED IN SMALL DOSES.
The v e r y  s t r i k i n g  r e s u l t s  o b ta in e d  when a d m in i s ­
t e r i n g  a s i n g l e  l a r g e  d o se  o f  c h lo r o fo rm  and r e f e r r e d  t o  a t  
l e n g t h  above ,  s u g g e s t e d  t o  th e  author  t h a t  a v e r y  much 
s m a l l e r  d o se  might have some i n f l u e n c e  on t h e  t i s s u e s  o f  
an a n im a l ,  p a r t i c u l a r l y  when th e  sm a l l  d o se  was r e p e a t e d  
d a i l y .
S i r  James Crichton-Browne in  1907 ) c a l l e d
a t t e n t i o n  to  t h e  h a b i t  in  c e r t a i n  d i s t r i c t s  o f  t a k i n g  l o z ­
e n ges  and j u j u b e s  c o n t a i n i n g  c h lo r o fo r m ,  and p o i n t e d  out  
t h a t  sam ples  o f  t h e  l o z e n g e s  c o n t a in e d  a s  much a s  2 . 9  p er  
c e n t ,  o f  c h lo r o f o r m .  He p o i n t e d  out t h a t  t h e s e  l o z e n g e s  a r e  
t a k en  in  c o n s i d e r a b l e  q u a n t i t y  and over lo n g  p e r i o d s ,  and he  
e x p r e s s e d  t h e  o p in io n  t h a t  such r e p e a t e d  d o s e s  must b e  harm­
f u l .  The r e p e a t e d  a d m i n i s t r a t i o n  o f  s m a l l  d o s e s  o f  t h i s  
drug by t h e  stomach to  lo w er  a n im a ls  i s  t h e r e f o r e  o f  p r a c ­
t i c a l  a s  w e l l  a s  o f  s c i e n t i f i c  i n t e r e s t .
In t h e  s e r i e s  o f  ex p e r im e n ts  undertaken r a b b i t s  
were u sed  throu ghou t  and t h e  ch lo ro fo rm  was a d m i n i s t e r e d  -  
e i t h e r
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e i t h e r  by i n h a l a t i o n ,  by th e  mouth, or s u b c u t a n e o u s l y .  The 
w e ig h t  o f  t h e  animal  was taken  day by day,  and a f t e r  d e a th  
in  many c a s e s  t h e  w e ig h t  o f  th e  h e a r t  was t a k e n ,  and a l s o  
t h e  w e ig h t  o f  t h e  s p l e e n .  In a l l  c a s e s  p o r t i o n s  o f  l i v e r ,  
s p l e e n ,  k id n e y ,  and h e a r t  were examined f o r  f a t  and a l s o  
s t a i n e d  and examined f o r  d e g e n e r a t i v e  c h a n g e s .  In t h e  f i r s t  
e x p e r im e n ts  o f  t h e  s e r i e s  t h e  a n im a ls  which  were i n j e c t e d  
w i t h  CHClg had 0 . 2  c . c .  on two c o n s e c u t i v e  d a y s ,  and two daysj 
w ere  a l lo w e d  t o  e l a p s e  b e f o r e  t h i s  p ro ced u re  was r e p e a t e d .  
T h is  metnod proved  so  r a p i d l y  f a t a l  t h a t  in  t h e  sub seq u en t  
e x p e r im e n ts  0 . 1  c . c .  o f  CHCl^ was i n j e c t e d  d a i l y .  In t h e  
c a s e s  where t h e  r a b b i t s  r e c e i v e d  t h e  CHCl^ in  t h e  form o f  
an i n h a l a t i o n  t h e y  were r a p i d l y  a n a e s t h e t i s e d  and th en  kept  
l i g h t l y  under f o r  15 m in u t e s .  In t h e  f i r s t  e x p e r im e n ts  o f  
t h i s  s e r i e s  t h i s  was done d a i l y ,  but a s  a l l  t h e  a n im a ls  used  
d i e d  w h i l e  under t h e  a n a e s t h e t i c  a f t e r  a v e r y  few d a y s ,  t h e  
p r o c e d u r e  was m o d i f i e d ,  and t h e  a n a e s t h e t i c  g iv e n  on a l t e r ­
n a t e  d a y s .  When CHCI3  was g iv e n  by t h e  stomach i t  was  
found t h a t  CHCl^ w ater  was e a s i l y  t o l e r a t e d  by th e  r a b b i t s  
and c o n s e q u e n t l y  40 c . c .  o f  t h i s  s o l u t i o n  were  g i v e n  d a i l y .
T h i s  c o n t a in e d  0 . 0 8  gramme o f  c h lo r o f o r m .  In some c a s e s  t h e  
r a b b i t s  la p p ed  up t h e  f l u i d  w i t h o u t  t r o u b l e ,  but  in  most  
i n s t a n c e s
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i n s t a n c e s  a stomach tu be  was p a s s e d  under l i g h t  e t h e r  anaes* 
t h e s i a  and t h e  CHCI3  w a ter  a d m in i s t e r e d  th rou gh  t h i s .  Con­
s i d e r i n g  th e  r e s u l t s  o f  t h e  ex p e r im e n ts  throughout  t h e  s e r i i  
t h e  e f f e c t  o f  t h e  CHCl^ a d m in i s t e r e d  in  t h e  v a r i o u s  ways  
upon t h e  w e l l - b e i n g  o f  t h e  animal  may be s t u d i e d  by an e x ­
a m in a t io n  o f  t h e  w e i g h t s  from day to  day.  The w e i g h t s  a r e  
g i v e n  in  grammes.
T ab le  I .  A d m i n i s t r a t i o n  by I n h a l a t i o n
No
Day
1 s t  . 2 nd. 3rd . 4 t h . 5 t h . 6 t h . 7 t h . 8 t h . 9 t h . 1 0 t h .
6 1470 1450 .
7 950 920 860 770 - - - - - -
8 2250 2250 2 1 2 0 - - - - — — -
1 2 1850 1725 1750 1780 1880 1855 1850 1870 1855 17 50
2 0 2300 2275 2270 2270 2250 2 2 0 0 2400 — — -
2 2 2050 1975 1950 1900 1850 1850 1800 17 50 1700 1625*
24 2250 2170 2250 2150 2250 2250 2 1 0 0 2150 - -
26 1600 1600 1700 1750 1750 17 50 1700 - - -
27 1650 1600 1550 1700 17 50 - - - - -
30 2050 1950 1800 1670 1600 - - - - -  +
32 2370 2270 2260 2250 2300 2 1 0 0 2050 1950 1925 1950
36 1600 1550 1550 1550 1600 1600 ** **
■K S u rv iv ed  f o r  one month. Weight a t  d e a th  1400 grammes 
+ S u r v iv e d  f o r  two months .  Weight a t  d e a th  1840 grammes.
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Where t h e  a d m i n i s t r a t i o n  t o o k  p l a c e  d a i l y  t h e  
w e ig h t  f e l l  f a i r l y  r a p i d l y .  In t h e  c a s e  o f  r a b b i t  N o . 7 
t h e  w e ig h t  had f a l l e n  n e a r l y  2 0 0  grammes in  fo u r  d a y s .
Where t h e  a d m i n i s t r a t i o n  was upon a l t e r n a t e  days t h e r e  was  
i n  most  c a s e s  but  l i t t l e  change .  The d a i l y  r i s e  or f a l l  was 
s i m i l a r  t o  what was o b serv ed  in  c o n t r o l  r a b b i t s .  In a few  
c a s e s ,  how ever ,  a marked f a l l  in  w e ig h t  to o k  p l a c e  -  e . g . ,  
r a b b i t s  N o s . 2 2 ,  30 ,  and 3 2 .  The r a b b i t s  t o o k  f o o d  w e l l ,  
and some l i v e d  f o r  a l o n g  w h i l e ,  h a v in g  t h e  c h lo r o fo r m  ad­
m i n i s t e r e d  a s  d e s c r i b e d  -  e . g . .  N o . 22 l i v e d  fo r  more than  a 
month and N o . 32 f o r  n e a r l y  two months.
T a b le  I I .  A d m i n i s t r a t i o n  by  Subcutaneous  I n j e c t i o n .
No
Day
1 s t . 2 nd. 3rd . 4 t h . 5 t h . 6 t h . 7 t h / 8 t h . 9 t h . 1 0 t h . 1 1 1 t h . 1 2 th
1 1 1 5 0 1150 1 1 0 0 1050 1070 1075 1 1 0 0 1050 1070 1 0 0 0
2 2 0 0 0 1950 1890 1925 1900 - - - - - - -
3 1550 1550 1520 1470 1550 1450 1430 1450 - — - -
D a i l y  I n j e c t i o n s  o f  0 . 1  c c .
4 1700 1 1680 - - - - - 1 - - - -
5 1430 I 1400 - - - - - - - - - -
13 2400 1 2450 2430 2230 - - - - - - - -
16 2700 ! 2630 2520 2625 2500 2470 2400 2310 2 2 2 0 2180 2150 2130
19 1700 1680 1700 - - - - - - - - -
2 1 3100 3050 3050 3000 3050 3020 2975 2930 2900 2850 Imnth 2725
25 1650 1550 1470 1450 1450 1350 1300 1350 1300 137 5 1350 1250 1
28 1500 1400 - - ■ - - - - - - - —
29 1150 1150 1150 1150 1 1 0 0 1060 - - - - -
31 2450 2420 2280 2250 2350 2450 2300 2150 2 1 0 0 1950 26days 1350
37 1325 1300 1 2 0 0 1 1 0 0 1 2 0 0 1 2 0 0 1150
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In t h e  f i r s t  t h r e e  e x p e r im e n ts  c i t e d  above  0 . 2  
c . c .  o f  t h e  a n a e s t h e t i c  was i n j e c t e d  on t h e  days  s i g n i f i e d  
by i t a l i c  f i g u r e s ,  and i t  w i l l  be n o ted  t h a t  t h e  e f f e c t  o f  
t h e  i n j e c t i o n s  i s  t o  lo w e r  th e  w e ig h t  on th e  day or days  
f o l l o w i n g .  T h is  e f f e c t  i s  v e r y  much more marked in  t h e  n ine  
e x p e r im e n ts  o f  t h e  second s e r i e s  when t h e  c h lo r o fo r m  was  
g i v e n  d a i l y  u n t i l  t h e  animal  d i e d .  Here a c o n s i d e r a b l e  
f a l l  in  w e ig h t  i s  shown in  some o f  t h e  a n i m a l s .  In r a b b i t  
N o . 21 t h e r e  i s  a l o s s  o f  720 grammes in  a month, and in  
r a b b i t  N o . 21 a l o s s  o f  1100 grammes in  a somewhat s h o r t e r  
t i m e .  In many o f  t h e  a n im a ls  th e  l o s s  in w e ig h t  i s  v e r y  
s lo w  a t  f i r s t ,  but  a s  t im e  p r o g r e s s e s  i t  becomes much more 
r a p i d .  The e f f e c t  upon w e ig h t  o f  a d m i n i s t e r i n g  t h e  c h l o r o ­
form i n  t h i s  way i s  much more marked than  when t h e  drug i s  
a d m in i s t e r e d  by i n h a l a t i o n  on a l t e r n a t e  d a y s ,  but n o t  so 
r a p i d l y  f a t a l  a s  where i t  i s  g i v e n  d a i l y  in  t h a t  manner.
T ab le  I I I ,  A d m i n i s t r a t i o n  by t h e  Stomach.
No.
Day
1 s t . 2 nd. 3 n d . 4 t h . 5 t h . 6 t h . 7 t h . 8th. 9 t h . 1 0 t h .nth, 1 2 t h .
9 2380 2320 2 2 0 0 2250 2250 2160 2 2 1 0 2175
14 2300 2350 2380 2280 2240 - - - - - - -
15 2150 2025 1975 2050 2150 1950 1925 1900 1940 187 5 1870 1870
18 2400 2520 2500 2550 2450 2300 2150 4months l a t e r  1350
23 1700 1700 17 50 1700 1650 1550 1500 1500 1450 - Imhth 1620
33 2 1 0 0 2 0 0 0 2 0 0 0 1900 1900 1800 1700 1650 1600 1550 1475
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The amount o f  CHCl^ g iv e n  by t h i s  method was some­
what s m a l l e r  than  t h a t  g iv e n  in  t h e  two p r e v i o u s  s e r i e s ,  
b e i n g  about 0 . 0 8  gramme per  diem, but t h i s . a m o u n t ,  s m a l l  as  
i t  i s  (about  t h e  same as  t h e  CHCI3  c o n t e n t  o f  one l o z e n g e  a s  
d e s c r i b e d  by C r ich ton-B row ne  { ^  ) ,  cau sed  a p r o g r e s s i v e
d i m in u t io n  in  w e ig h t  in  t h e  a n im a l s .  In a l l  t h e s e  c a s e s  
t h e  d im in u t io n  in  w e ig h t  was marked, w i t h  th e  e x c e p t i o n  o f  
N o . 14 ,  where a r i s e  in  w e ig h t  was fo u n d .  The d e a th  o f  t h e  
anim al  was,  how ever ,  preced ed  by a v e r y  c o n s i d e r a b l e  f a l l .
In N o . 18 th e  r a b b i t  t o l e r a t e d  a d a i l y  d o se  f o r  over  fo u r  
m onths ,  but  i t  i s  s i g n i f i c a n t  t h a t  in  t h a t  t im e  t h e  animal  
had l o s t  n e a r l y  50 per  c e n t  o f  i t s  o r i g i n a l  w e ig h t  -  or 
r a t h e r  more than a kilogramme.
H i s t o l o g i c a l  C hanges .
C o n c u r r e n t ly  w i t h  t h e  a l t e r a t i o n  in  body w e ig h t  
i n  t h e  a n im a ls  under e x p e r i m e n t ^ h i s t o l o g i c a l  changes  i n  t h e  
organs  and t i s s u e s  examined were found .  These  ch a n g es  were  
f o r  t h e  most p a r t  s i m i l a r  t o  t h o s e  a l r e a d y  d e s c r i b e d  by  
H andler  ( ^  ) ,  H e in tz  ( 5 /  ) » and A j e l l o  ( S j ? ) ,  and l a t e r  
by Doyon ( 5 3  ) and B i l l e t  ( ) .
A d m i n i s t r a t i o n
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A d m i n i s t r a t i o n  by I n h a l a t i o n .
As in  t h e  p r e v i o u s  s e r i e s  o f  e x p e r im e n ts  ) t h e
k id n e y  and l i v e r  s u f f e r e d  c o n s i d e r a b l y  when c h lo ro fo r m  was 
a d m i n i s t e r e d  in  t h i s  way. The d e g r e e  o f  d e g e n e r a t i o n ,  how­
e v e r ,  v a r i e d  in  t h e  d i f f e r e n t  c a s e s ,  and t h e  d i f f e r e n c e  in  
d e g r e e  was not  a lw a y s  dependent upon th e  number o f  a d m in i s ­
t r a t i o n s ,  nor was t h e  change e q u a l l y  marked in  t h e  k id n ey  
and l i v e r .  For exam ple ,  in  t h e  k id n ey  t h e  g r e a t e s t  a l t e r a ­
t i o n  from t h e  normal was found in a n im a ls  N o . 22,  w h ich  s u r ­
v i v e d  f o r  31 d a y s ,  and N o . 36 ,  which  o n l y  s u r v iv e d  f o r  s i x  
d a y s .  The l i v e r  in  N o . 22 was a l s o  v e r y  b a d ly  d e g e n e r a t e d ,  
w hereas  t h a t  o f  N o . 36 was not  markedly  changed .  On t h e  
o t h e r  hand, t h e  l i v e r  i n  r a b b i t  N o . 30, which  l i v e d  f o r  f i v e  
d a y s ,  showed marked d e g e n e r a t i v e  c h a n g e s .  The c e l l s  w ere  
c o a r s e l y  g r a n u la r  and v a c u o l a t e d ;  t h e  n u c l e i  to o k  t h e  b a s i c  
s t a i n  b a d l y  and f a t  was abundant.  On t h e  w h o le ,  i t  may be  
s t a t e d  t h a t  t h e  d e g e n e r a t io n  in  t h e  k id n e y  was t h e  most  
marked f e a t u r e  o f  a d m i n i s t r a t i o n  i n  t h i s  way,  and t h a t  t h e  
k id n e y  was i n v a r i a b l y  t h e  s e a t  o f  much ch an ge .  A p o i n t  o f  
i n t e r e s t  l i e s  i n  t h e  f a c t  t h a t  m ost  o f  t h e  sp ec im en s  showed 
a phenomenon which  I showed in  1908 was o n l y  p r e s e n t  a f t e r  
v e r y  g r e a t  changes  had taken  p l a c e  in  t h e  o rg a n .  The l i v e r  
s u f f e r e d
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s u f f e r e d  most i n  t h o s e  c a s e s  which s u r v iv e d  f o r  a  c o n s i d ­
e r a b l e  t i m e ,  w hereas  t h o s e  a n im a ls  which  succumbed a t  an 
e a r l y  d a t e  showed g e n e r a l l y  a much s m a l l e r  d e g r e e  o f  
ch an ge .  Fat was d e t e c t e d  in  a l l  i n s t a n c e s ,  t h e  s t a i n  used  
b e i n g  S c h a r la c h  R. The f a t  was a lm ost  a lw ays  abundant,  and 
g e n e r a l l y  i n v o l v e d  t h e  c e l l s  a t  t h e  c e n t r e  o f  t h e  l o b u l e  
f i r s t  and ex ten d ed  outwards s u b s e q u e n t l y .
The s p l e e n s  o f  a l l  t h e  a n im a ls  were examined and 
t h e  s i n u s e s  were  i n v a r i a b l y  found t o  b e  engorged w i t h  b l o o d .  
A c o n s i d e r a b l e  q u a n t i t y  o f  an o r a n g e - c o l o u r e d  pigment was  
g e n e r a l l y  p r e s e n t ,  and in  most i n s t a n c e s  enormous phago­
c y t e s  were abundant,  t h e  p h a g o c y t e s  b e i n g  d i s t e n d e d  w i t h  
red c o r p u s c l e s  and o f t e n  w i t h  p ig m e n t .  The w e ig h t  o f  th e  
s p l e e n  v a r i e d  c o n s i d e r a b l y .  Four c o n t r o l  a n im a ls  y i e l d e d  an 
a v e r a g e  w e ig h t  o f  0 . 7 8  gramme, each o f  t h e  a n im a ls  w e ig h in g  
2 0 0 0  grammes or o v e r .
*
T ab le  IV.
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T ab le  IV. Weight o f  t h e  S p lee n  in  Animals  A n a e s t h e t i s e d
No. O r i g i n a l  w e ig h t  
o f  a n i m a l .
N o ,o f  d a y s , Weight o f  S p le e n
1 2 1850 grammes 2 0 2  grammes
2 0 2300 n 7 0 . 9  grammes
2 2 2050 H 31 1 , 2  grammes
24 2250 ti 8 1 .95 grammes
26 1600 ti 7 0 . 6  grammes
27 1650 It 5 1 . 4  grammes
30 2050 If 5 0 . 7 2  grammes
32 2370 H 65 1 . 2  gramme s
36 1600 II 6 1 . 2  grammes
The a v e r a g e  w e ig h t  o f  t h e  a n im a ls  was 1900 grammes 
w h i l e  t h e  a v e r a g e  w e ig h t  o f  th e  s p l e e n s  was 1 . 2 4 .  A l a r g e  
i n c r e a s e  o f  i r o n ,  a s  dem on stra ted  by t h e  r e l a t i v e  amount 
shown b y . t h e  f e r r o c y a n i d e  HCl s t a i n  on t h e  s e c t i o n s ,  was  
found in  a l l  c a s e s .
In exam ining  t h e  a n im a ls  a f t e r  d e a th  i t  was f r e ­
q u e n t l y  found t h a t  t h e  h e a r t  m u sc le  appeared f la b b y  and 
o f t e n  t h e  w a l l s  seemed u n u s u a l l y  t h i n .  These  organs  were  
t h e r e f o r e  f i x e d  and examined fo r  h i s t o l o g i c a l  ch a n g e s .  The 
h e a r t  m u sc le  s t a i n e d  u n e q u a l ly ;  some p a r t s  appeared  q u i t e  
norm al,  w h i l e  o th e r  a r e a s  showed a g r a n u la r  appearance  q u i t e  
u n l i k e  t h e  normal; t h e  t r a n s v e r s e  s t r i a t i o n s  were l o s t  and 
t h e  f i b r e s  were o f t e n  segm ented .  The n u c l e i  in  t h e s e  p a r t s  
were p o o r l y  s t a i n e d  and in  some sp ec im en s  l i t t l e  was l e f t  
but
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but  a mere i n d i c a t i o n  o f  th e  p o s i t i o n  which  t h e y  o c c u p i e d .
A l a r g e  number o f  th e  c e l l s  were  v a c u o l a t e d .  T h is  a p p ea r ­
an ce  i s  r e f e r r e d  t o  by Ungar and Junkers  ( S S )  , and by  
H e i n t z  { 3 4  ) " The g r a n u la r  and broken-down ap pearance  was  
v e r y  marked in  some o f  th e  h e a r t s  examined,  n o t a b l y  in  
N o s . 1 2 ,  20 ,  22 and 24,  but not  so marked in  N o . 32,  where  
t h e  animal  s u r v iv e d  f o r  65 d ays .
I t  may be n o ted  h e r e  t h a t  a l l  t h e  a n im a ls  r e f e r r e d  
t o  above d i e d  w h i l e  ,under t h e  a n a e s t h e t i c ,  e i t h e r  w h i l e  t h e  
drug was b e i n g  a d m in i s t e r e d  or w i t h i n  f i v e  m in u te s  a f t e r  
s t o p p i n g  t h e  a d m i n i s t r a t i o n .
A d m i n i s t r a t i o n  by Subcutaneous  I n j e c t i o n .
In t h e  c a s e  o f  a n im a ls  N o s . l ,  2 and 3 c h lo r o fo r m  
was g iv e n  in  d o s e s  o f  0 . 2  o f  a c u b ic  c e n t i m e t r e ,  and t h e  
d o s e s  were g i v e n  i r r e g u l a r l y ,  as  shown in  T ab le  I I .  The r e ­
s u l t s  in  t h e s e  c a s e s  a re  t h e r e f o r e  not  s t r i c t l y  comparable  
w i t h  t h o s e  o b t a in e d  by d a i l y  a d m i n i s t r a t i o n  o f  0 . 1  c . c . ,  
but  t h e y  a re  i n c l u d e d  h e r e  as  t h e y  i l l u s t r a t e  t h e  p o i n t s  to  
be brought  out in  t h i s  t h e s i s .
The a n im a ls  r e f e r r e d  to  o t h e r  than th e  above r e ­
c e i v e d  0 . 1  c . c .  h y p o d e r m ic a l l y  each  day .  The i n j e c t i o n  ap­
p e a r ed
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ap p eared  t o  h ave  no immediate  e f f e c t ,  and th e  r a b b i t s  so 
t r e a t e d  were a s  a c t i v e  a f t e r  a s  t h e y  were b e f o r e  t h e  admin­
i s t r a t i o n ,  Of t h o s e  which were i n j e c t e d  w i t h  t h e  l a r g e r  
amount one d ie d  a f t e r  four  and two a f t e r  t h r e e  a d m i n i s t r a ­
t i o n s ,  so t h a t  t h e  drug was r a p i d l y  f a t a l .  Those r a b b i t s  
which were i n j e c t e d  w i t h  o n ly  0.1 c.c. l i v e d  fo r  l o n g e r  
p e r i o d s ,  t h e  a v e ra g e  b e i n g  11 d a y s .  The l o n g e s t  p e r i o d  a 
r a b b i t  l i v e d  d u r in g  th e  a d m i n i s t r a t i o n  was 30 days and t h e  ' 
s h o r t e s t  two d a y s .
The organ which  appeared most  a f f e c t e d  h i s t o l o g ­
i c a l l y  was t h e  l i v e r ,  and h e r e  t h e  changes  were comparable  
w i t h  t h o s e  r e f e r r e d  to  on p a g e ^ j  . In one i n s t a n c e ,  where  
t h e  r a b b i t  s u r v iv e d  f o r  30 days ,  th e  l i v e r  was found to  be  
o f  an orange  c o l o u r ,  and c o n t a in e d  m asses  o f  an orange or  
y e l l o w  c o lo u r e d  pigment l i k e  t h a t  ob served  in  th e  s p l e e n , a n d  
s i m i l a r  t o  t h a t  d e s c r i b e d  by F raen ke l  ( ^  6 ) ,  Marthen i J j / )  
and Cohn ( . T h is  pigment gave  a p o s i t i v e  s t a i n  f o r  I
i r o n .  There d id  n o t  appear to  be a t r o p h y .  In a few o f  t h e  
l i v e r s  examined,  p a r t i c u l a r l y  when ta k en  from a n im a ls  which  
had l i v e d  fo r  some t im e ,  a c o n s i d e r a b l e  amount o f  w h i t e  
f i b r o u s  t i s s u e  was found between t h e  l o b u l e s ,  a s  d e s c r i b e d  
by P i e s s i n g e r  ( 3Ç)  ■ The k id n e y s  a l s o  g e n e r a l l y  showed some 
d e g r e e
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d e g re e  o f  d e g e n e r a t i v e  change,  a l th o u g h  in  many i n s t a n c e s  
but l i t t l e  a l t e r a t i o n  from t h e  normal was o b s e r v e d .  Conges­
t i o n  and haemorrhage were g e n e r a l l y  found,  and in th e  k i d ­
n ey s  taken  from t h e  a n im a ls  which were i n j e c t e d  w i t n  th e  
l a r g e r  d ose  o f  t h e  drug t h e  d e g e n e r a t i o n  in  t h e  c o n v o l u t e d  
a s  w e l l  a s  t h e  s t r a i g h t  t u b u l e s  was v e r y  marked. F r e q u e n t l y  
t h e  t u b u l e s  were packed w i t h  d e b r i s  and desquamated e p i ­
t h e l i u m .  Where t h e  d e g e n e r a t i o n  was f a r  advanced f a t  was 
a lw a y s  found in  t h e  d e g e n e r a te d  c e l l s .  On t h e  w h o le ,  how­
e v e r ,  t h e  k id n e y s  appeared to  be a f f e c t e d  to  a somewhat 
s l i g h t e r  d e g r e e  in  t h i s  method o f  a d m i n i s t r a t i o n .
The s p l e e n s  showed much t h e  same c o n d i t i o n  as  d id  
t h o s e  in  Tab le  IV. The amount o f  i r o n  p r e s e n t  as  shown 
by t h e  f e r r o c y a n i d e  HCl method o f  s t a i n i n g  was v e r y  g r e a t ,  
and in  N o . 19 when t h e  animal was k i l l e d  a f t e r  t h r e e  a d m in i s ­
t r a t i o n s  f u l l y  h a l f  o f  t h e  s p le e n  s e c t i o n  s t a i n e d  g re e n  by 
t h i s  method o f  s t a i n i n g .  The l a r g e  p h a g o c y t e s  r e f e r r e d  t o  
above were a l s o  p r e s e n t  h e r e  in  l a r g e  numbers.
Tab le  V .
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T a b le  V. The W eights  o f  th e  S p le e n s  and o t h e r  P a r t i c u l a r s .
No. O r i g i n a l  w e ig h t  
o f  A n im a l .
N o . o f  d a y s . Weight o f  s p l e e n .
16 2700 grammes 13 1 . 5  grammes
2 1 3100 " 30 1 . 8 5  "
25 1650 " 15 , 0 .6 7  gramme
28 1500 " 3 1 . 2  grammes
31 2450 " 26 1 . 5  "
37 1325 •’ 7 1 . 5  "
Ave] •age 2 1 2 1  " 16 îT s?  "
Thus t h e  a v era g e  w e igh t  o f  th e  s p l e e n s  was 1 .3 7  
grammes, a s  compared w i t h  an a v e r a g e  w e ig h t  o f  0 . 7 8  gramme 
i n  t h e  c o n t r o l  a n im a l s .  The h e a r t s  g e n e r a l l y  showed d e ­
g e n e r a t i v e  change ,  a l th o u g h  t h i s  was not  a lw a y s  marked.  
Granular c e l l s  w i t h  l o s s  o f  the  c r o s s - s t r i p e d  appearance  
were common, and in  most c a s e s  t h e  n u c l e i  s t a i n e d  i r r e g u ­
l a r l y ;  sometimes t h e  p e r i p h e r a l  p a r t  o f  t h e  c a r d i a c  m u sc le  
appeared  t o  have  s u f f e r e d  m ost ,  a t  o t h e r  t im e s  t h e  c e n t r a l  
p a r t s .
Fat was not  o b served  in  any o f  t h e  h e a r t s  exam­
in e d  f o r  i t ,  t h e r e i n  d i f f e r i n g  from th e  f i n d i n g s  o f  
F r a e n k e l  ( 3  (o) and s u p p o r t in g  H e i n t z  j( J ^ /  ) .
A d m i n i s t r a t i o n  by t h e  Stomach.
The method o f  a d m i n i s t r a t i o n  a dopted  h e r e  was not
by
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by any means so rapidly fatal as either of the other meth­
ods, contrasting in this with Ithe administration of larger 
doses in olive oil as detailed on page J , where this 
was the most fatal method of administration. The av­
erage length of life during the administration was 16 
days, not taking into account the animal that lived for 
four and a half months receiving an administration each 
day. As might also be expected, the liver suffered most of 
any organ when the chloroform was administered in this way. 
The amount of degenerative change was great in all cases, 
but was of a different type in those animals which lived 
for some time 'to that in those where death took place in a 
few days. In those dying soon the cells showed albuminous 
degeneration, vacuolation, and on two occasions all that 
could be made out of the liver cells was a kind of network 
outlining spaces which contained a poorly staining central 
nucleus surrounded by a small amount of coarsely granular 
protoplasm. In rabbit No.18, which lived for more than 
four months, there was a very great deal of fibrous tissue 
throughoutthe liver. Large openings were found irregu­
larly distributed throughout the specimen, and the altered 
cells showed no sign of definite arrangement.
The greatest degenerative change was observed in
No.
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N o . 33,  where th e  c e n t r e s  o f  th e  l o b u l e s  had l o s t  a l l  t r a c e  
o f  t h e i r  c e l l u l a r  components  and were made up o f  a c h e e s y  
mass c o n t a i n i n g  numerous dark g r a n u l e s .  Abundance o f  f a t  
was a lw ays  fou nd .
The k id n e y s  had on t h e  whole  s u f f e r e d  co m p a ra t iv e ­
l y  s l i g h t l y ,  a l t h o u g h  in  N o s . 14 and 33 t h e  c e l l s  in  p l a c e s  
were b a d ly  d e g e n e r a t e d ,  show ing but  l i t t l e  s i g n  o f  t h e  o r i g ­
i n a l  s t r u c t u r e .  In N o , 33 t h e  g lo m e r u la r  t u f t s  were  shrunken  
and in  a few p l a c e s  in  t h e  c o r t e x  a s  w e l l  a s  in  t h e  m ed u l la  
t h e  c e l l s  o f  t h e  t u b u l e s  were e n t i r e l y  l o s t .  There was  
r a r e l y  c o n g e s t i o n  and no haemorrhages  were found .
In t h e  s p l e e n  t h e  s i n u s e s  w ere  found d i s t e n d e d  
w i t h  b l o o d ,  and pigment was p r e s e n t .  In N o s . 14 ,  15 and 23  
t h e  amount o f  i r o n  shown by t h e  f e r r o c y a n i d e  HCl s t a i n  was 
b u t  s m a l l ,  a l th o u g h  in  18 and 33 t h e  amount was v e r y  g r e a t .
The l a r g e  p h a g o c y t e s  were numerous in t h o s e  s p e c i -  
menb which c o n t a in e d  much p ig m en t .
T a b le  V I .  The W eights  o f  t h e  S p l e e n s  & o t h e r  P a r t i c u l a r s .
No O r i g i n a l  w e ig h t  
o f  Animal
N o . o f  days Weight o f  s p l e e n
14 2300 grammes
15 2150 «
18 2400 II
23 1700 II
33 2 1 0 0 It
5
14
140
30
11
1 . 2  grammes
0 .3  gramme 
1 . 5  grammes 
0 , 9 5  gramme 
0.8 "
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The a v e ra g e  w e ig h t  o f  th e  animal  was 2130 grammes,  
w h i l e  t h e  a v e r a g e  w e ig h t  o f  t h e  s p l e e n s  was 0 . 9 5  gramme, 
t h e  l a t t e r  a v e r a g e  b e i n g  0 .1 7  gramme above t h e  normal.  The 
h e a r t s  showed v e r y  l i t t l e  v a r i a t i o n  from t h e  normal,  and t h e  
c r o s s  s t r i p i n g  was s e e n  p l a i n l y  in  a l l  t h e  spe c im en s  exam­
i n e d .
C o n s id e r a t i o n  o f  R e s u l t s .
In r e v i e w i n g  t h e  r e s u l t s  o f  th e  ex p er im e n ts  d e ­
t a i l e d  a b ove ,  i t  a p p ears  t o  be proved t h a t  g i v e n  in  t h e  
form o f  s m a l l  d o s e s  f r e q u e n t l y  r e p e a t e d  ch lo r o fo r m  i s  a 
much more dangerous  drug than  when g i v e n  in  a s i n g l e  much 
l a r g e r  d o s e .  The f i r s t  d o s e s  g i v e n  appear t o  low er  t h e  v i ­
t a l i t y  o f  t h e  t i s s u e s ,  so  t h a t  t h e  l a t e r  d o s e s  have a more 
marked a c t i o n .
I d i o s y n c r a s y  or a number o f  undetermined f a c t o r s  
appear to  i n f l u e n c e  t h e  a c t i o n  o f  ch lo ro fo rm  on a n im a l s ,  
and I found enormous v a r i a t i o n s  between t h e  s h o r t e s t  t im e  
and t h e  l o n g e s t  t im e  an animal  l i v e d  d u r in g  t h e  a d m i n i s t r a ­
t i o n  .
In a l l  t h e  a n im a ls  examined t h e  l i v e r  appeared  
t o  have  s u f f e r e d  g r e a t l y ,  a l t h o u g h ,  as  was t o  be e x p e c t e d ,
t h e  most  marked d e g e n e r a t i o n  was found where t h e  a n a e s t h e t i c
was
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was g i v e n  th rou gh  t h e  s tomach.  When t h e  drug was i n h a l e d  
t h e  k id n e y s  seem to  have s u f f e r e d  more u n i fo r m ly  than in  t h e  
o t h e r  c a s e s ,  and a l tn o u g h  t h e  d e g r e e  o f  d e g e n e r a t i o n  was 
n ot  a lw a y s  g r e a t ,  t h e  d i f f e r e n c e  i n  d e g r e e  between k id n ey  
and l i v e r  d e g e n e r a t i o n  was not  n e a r l y  a s  marked as  when t h e  
c h lo r o fo r m  was g i v e n  in  e i t h e r  o f  th e  o t h e r  ways .
Very g r e a t  changes  were see n  a lm ost  u n i fo r m ly  in  
t h e  s p l e e n  even in  th e  a n im a ls  t h a t  d ied  in  a few d a y s .  The 
e v i d e n c e  o f  e x t e n s i v e  h a e m o ly s i s  was most marked. The l a r g e ­
s i z e d  p h a g o c y t e s  in  many c a s e s  d i s t e n d e d  w i t h  dead red c o r ­
p u s c l e s  and in  o t h e r  c a s e s  c o n t a i n i n g  a pigment which  gave  
a p o s i t i v e  s t a i n  f o r  i r o n ,  th e  m a sses  o f  such pigment ap­
p a r e n t l y  l y i n g  l o o s e  in  th e  s p l e e n ,  and th e  l a r g e  s i z e  and 
w e ig h t  o f  t h e  organ a l l  dem on stra ted  i t s  i n c r e a s e d  a c t i v i t y  
(Paton  and G o o d a l l )  ( I f O ) ,  The organs  in  which t h i s  i n ­
c r e a s e d  a c t i v i t y  was l e a s t  m a n i f e s t  were t h o s e  removed from 
t h e  r a b b i t s  which  r e c e i v e d  t h e  a d m i n i s t r a t i o n  th ro u g h  
t h e  stomach much d i l u t e d  w i t h  w a t e r .  Here th e  a v e r a g e  s i z e  
o f  t h e  s p l e e n  was sm a l l  and t h e  w e i g h t s  c o r r e s p o n d e d .  The 
a v e r a g e  w e ig h t  was o n ly  0 .1 7  gramme above  t h e  normal,  
w hereas  in  t h e  o t h e r  e x p er im e n ts  t h e  i n c r e a s e  was 0 . 4 6  
gramme when ch lo ro fo r m  was i n h a l e d  and 0 . 5 9  gramme where i t  
was i n j e c t e d .
When
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When c h lo r o fo r m  was i n h a le d  i t  seemed t o  have  a 
more marked a c t i o n  on t h e  h e a r t  m usc le  than when i t  was 
g i v e n  through  t h e  stomach or i n j e c t e d .  Fat  was not  d e t e c t ­
ed i n  t h e  h e a r t s  examined.
In c o n n e c t i o n  w i t h  t h e  a d m i n i s t r a t i o n  by t h e  
stomach,  i t  i s  o f  i n t e r e s t  to  n o t e  t h a t  t h e  amount o f  
c h lo r o fo r m  g i v e n  in  each a d m i n i s t r a t i o n  was comparable  w i th  
t h e  q u a n t i t y  d e s c r i b e d  by S i r  James C richton-Browne ( ^  ) 
a s  b e i n g  p r e s e n t  in  one l i n s e e d ,  l i q u o r i c e , a n d  c h lo ro d y n e  
l o z e n g e .  The a v e r a g e  w e ig h t  o f  a f u l l - g r o w n  r a b b i t  i s  
about 2 k i logram m es ,  w h i l e  70 kilogrammes r e p r e s e n t s  t h e  
w e ig h t  o f  a f u l l - g r o w n  man. Thus 30 to  40 o f  t h e s e  l o z e n g e s  
p er  diem i n  a man g i v e s  t h e  same p r o p o r t io n  o f  ch lo r o fo r m  
t o  body w e ig h t  as  in  th e  e x p e r im e n ts ,  and c o r r e s p o n d in g l y  
l e s s  in  a woman or a c h i l d .  Many r a b b i t s  a r e  v e r y  s u s c e p ­
t i b l e  t o  t h e  a c t i o n  o f  c h lo r o fo r m ,  but  even i n  th e  one e x ­
ample where t h e  animal  l i v e d  f o r  a l o n g  w h i l e  th e  l i v e r  
changes  were o f  a v e r y  s t r i k i n g  d e s c r i p t i o n .  The l e s i o n s  
found in  r a b b i t s  c l o s e l y  re sem b le  t h o s e  r e p o r t e d  in  f a t a l  
human c a s e s  o f  ch lo r o fo r m  p o i s o n i n g  by S t i l e s  and
McDonald ( 4 - f )  and others.^
The m o r t a l i t y  among r a b b i t s  which  have  been  
a n a e s t h e t i s e d , t h r o u g h  t h e  r e s p i r a t o r y  p a s s a g e s  and t h e  
changes
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changes  in  h e a r t ,  l i v e r ,  and k id n ey  found a f t e r  d e a th  empha­
s i s e  t h e  danger o f  r e p e a t e d  a d m i n i s t r a t i o n  by t h i s  method,  
even when t h e  a n a e s t h e t i c  i s  o n ly  e x h i b i t e d  f o r  v e r y  s h o r t  
p e r i o d s .
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fHE DANGERS OF CELOROFOm AMAESfESSIA.
I . fm m eë ia te .  'The d a n g ers  o f  c h l o r o f o im  a n a e s t h e s i a  
a r e  n o t  c o n f in e d  t o  t h o s e  a f t e r - e f f e c t s  due t o  t h e  a l t e r a ­
t i o n s  i n  h i s t o l o g i c a l  s t r u c t u r e ,  m e ta h o l i sm  & c . , d e t a i l e d  
a b o v e , and w hich  a r e  r e f e r r e d  t o  a t  l e n g t h  on page  
The p r o lo n g e d  a d m i n i s t r a t i o n  o f  h i g h  p e r c e n t a g e s  o f  c h l o r o ­
form u n d o u b ted ly  c a u s e  d e a t h .  D eath s  a l s o  o c c a s i o n a l l y  
happen d u r in g  t h e  a d m i n i s t r a t i o n  o f  t h e  drug  f o r  lehort p e r ­
i o d s  where t h e  drug i s  not  g i v e n  l a  l a r g e  q u a n t i t i e s . 'When 
exam ining  t h e  c a u s e  o f  t h e s e  d e a t h s ,  c e r t a i n  p h y s i o l o g i c a l  
f a c t s  r e q u i r e  t o  be  c o n s i d e r e d .
Normal rhythm ic  b r e a t h i n g  depends  almost e n t i r e l y  
upon t h e  s t i m u l a t i o n  o f  'the r e s p i r a t o r y  c e n t r e  b y  t h e  COg in  
t h e  b lo o d ;  an i n c r e a s e  o f  t h e  COg c o n t e n t ,  a s ,  f o r  ex a m p le ,  
d u r in g  e x e r c i s e ,  l e a d s  t o  h yp erp n oea ,  'Wbereas a. diminution 
o f  t h e  COg c a u s e s  apnoea .  To t h i s  form of s p n o e s  the name 
• a c a p n ia *  h a s  b e en  a p p l i e d .
A l th o u g h  normally t h e  degree of sensitiveness o f  
t h e  r e s p i r a t o r y  c e n t r e  v a r i e s  but little to w a rd s  COg,Yandell 
Henderson
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Henderson ( ) has demonstrated that, under different
forms and degrees of anaesthesia, variations from 50 per 
cent below to 50 per cent above the normal level may occur. 
He found that during light anaesthesia, and more especially 
where the administration was intermittent, the sensitive­
ness of the centre might be markedly increased, so that a 
lower percentage of COg than normal caused hyperpnoea. In 
full anaesthesia, on the other hand, the centre reacted al­
most nornally, but its sensitiveness was much below the nor* 
mal in very deep anaesthesia.
Such being the case, it is not difficult to ap­
preciate the fact that where the anaesthetic has been 
given in an irregular and Intermittent fashion, there is 
considerable danger to the patient, as, during the period 
of light anaesthesia, any struggling or deep breathing 
washes the COg out of the blood, and when the anaesthesia 
becomes deep, with its accompanying lessening of the sen­
sitiveness of the centre, a condition of acapnia can read­
ily arise, which lasts until the accumulation of the COg in 
the blood has reached the value necessary for the stimula­
tion of the centre. This acapnic period may be quite 
short, or it may be so prolonged that the death of the 
patient results from deficient oxygenation - asphyxia. It 
may
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may be remarked here that experimentally it has been, shown, 
in the case of animals at least, that the use of artificial 
respiration by means of a pump, supplying air mixed with an 
appreciable amount of C0„ is generally successful in resus-
fC*   . . .  _ -
citating them from this acapnic condition, Henderson has 
pointed out further that anaesthesia started with ether 
and sustained with chloroform is likely to lead to untoward 
results, as the ether excitement readily produces hypermnoea,
• . . . . . . .  - • — ; . I •.
with subsequent acapnia. He lays particular stress on the 
fact that fatalities rarely occur when the anaesthesia has 
been long and deep.
Levy (/^5 ) also published a number of papers 
relating to this question. He demonstrated that sudden 
death during chloroform anaesthesia was frequently due to 
ventricular fibrillation. Although, as a rule, death oc­
curred during the induction of anaesthesia, cardiac irregu­
larities could develop when alterations in the degree of 
anaesthesia took place - irregularities which were exactly 
similar to those preceding fibrillation. He further showed 
that ventricular fibrillation could be induced during light 
anaesthesia by the injection of small amounts of adrenalin 
into the blood-stream. He came to the conclusion that 
during
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during light chloroform anaesthesia the heart becomes hyper­
sensitive, and that any increase in the amount of adrenalin 
acts as an excitant to the production of ventricular irre­
gularities. Deep anaesthesia, on the other hand, lowers the 
degree of cardiac sensitiveness# Levy noted further that 
the tendency to ventricular fibrillation was markedly in­
creased when there had been any sensory excitation, or if 
the animal had struggled during the administration. His 
general conclusions are sufficiently noteworthy to quote in 
full.
1, The mammalian heart, when under the influence of 
chloroform, is in an "irritable" (shows a tendency to ex­
hibit beats of a heterogenic origin) condition. This ir­
ritability is raised under conditions of light anaesthesia, 
and lowered under conditions of deep anaesthesia.
2, Abnormal ventricular beats are evoked in a heart 
under chloroform by conditions which stimulate it, or by 
equivalent conditions which remove or reduce depressing in­
fluences .
3, Under conditions of light chloroform anaesthesia, 
the ventricular irregularities resulting from cardiac stim­
ulation may terminate in ventricular fibrillation and death 
of the heart.
4,
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4. Stimulation of the heart may he effected - (a) ae 
a reflex from sensory excitation; (b) as a result of an 
intermittent administration of the anaesthetic; (c) as a 
result of the state of nervous excitement, accompanied by 
struggling induced by chloroform in the earlier stages of 
its administration,
6. Ventricular fibrillation is a cause of death under 
chloroform, probably the only cause of any moment. It can 
be prevented by steadily maintaining a full degree of anaes­
thesia.
A practical point of considerable interest is 
that adrenalin may produce fibrillation of the heart if 
administered in any quantity during light anaesthesia.
Starling and von An rep ( éé-A) had previously put 
forward the hypothesis that the rise in the blood-pressure 
which takes place in asphyxia was due to the fact that the 
increased CO^ content of the blood stimulated the secretion 
of adrenalin. In this connection the further observations 
of Cannon and Hoskins are of considerable interest
and importance. These workers found that sensory excita­
tion, nervous excitement, fear, all could stimulate the 
secretion of adrenalin. Finally, Levy showed that another 
factor
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factor of great importance in the production of cardiac 
irregularities was the method of administration of the 
anaesthetic. If it were given in an irregular and inter­
mittent manner there was grave danger, owing to sudden 
changes in the heart from a condition of hyper- to hypo- 
sensitiveness, and vice versa - a state of affairs which 
rendered the heart very subject to the induction of irre­
gularities .
More recently Cathcart and the Author (46) have cot 
ducted a long series of experiments with the idea of deter­
mining the relative effects of COg, Lactic Acid^and other 
substances upon rabbits and dogs during light and full an­
aesthesia. In a large proportion of our experiments the 
anaesthetic used has been ether, but in some of them chloro­
form has been used. The effects are identical, but in the 
case of rabbits difficulty was experienced owing to the fact 
that the animals were particularly susceptible to the latter 
drug. This undue susceptibility was possibly an exagger­
ation of the normally increased "excitability* referred 
to by Levy (43) and showed itself in the form of fibril­
lation of the ventricle (1) when the concentration of the 
chloroform-air mixture was altered or (2) when the exhibi­
tion of the drug was momentarily stopped and then recom­
menced
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recoBQ&enced. In the case of dogs, however, little diffi­
culty was experienced.
M e t h o d In the experiments the animal under experi­
ment was anaesthetised and a canula inserted into the 
trachea and connected with a Brodie respiration pump. A 
canula was tied into the left jugular vein, and in later 
experiments another into the right carotid artery which was 
connected with a Kymograph modified by McCall,our laboratory 
mechanic (/^^). The skin over the chest wall was removed 
and a cut into the thorax in the sixth intercostal space 
one inch to one and a half inches to the right of the bor­
der of the sternum. Artificial respiration was now com­
menced. The incision was now continued upwards parallel 
with the sternum to the second intercostal space. Next the 
fore-finger of the left hand was turned underneath the 
sternum, and the internal mammary vessels and sternum 
firmly held between the finger and thumb. The sternum was 
next cut across and the cut continued up the left side of 
the chest to the second left Intercostal space. The ater- 
m m  stiiXheld in the left thumb and forefinger was now 
turned
A dtesBOBstration of the method and o f  the influence of 
th e  carbon d io x id e  in  v a ry in g  depth# of a n a e s t h e s ia  «as  
gives at the In te r n a t  .Congress o f  Bed.1.913. Pharmacol.
Section
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turned up and the internal mammary vessels ligated at a 
point as far up as was required. The sternum was now cut 
across and removed. The heart and pericardium lay exposed, 
and by carefully slitting up the pericardium and clipping 
its edges to the cut sides of the thorax, a cradle was pre­
pared in which the heart lay without having its position 
seriously interfered with by the movements of the lungs.
The advantage of this method over the more common method 
of exposing the heart by splitting the sternum lies first 
in its rapidity,and second in the fact that the operation 
can be carried out with practically no loss of blood.
The heart thus exposed was able to record its 
contractions on a smoked drum by levers attached by clips 
to the auricle and ventricle.
During the actual period of the experiments, ar­
tificial respiration was carried on by pumping with a hand 
bellows. The inlet of the hand bellows could be rapidly 
connected with a gas reservoir containing known dilutions 
of carbon dioxide and air (carbon dioxide and oxygen mix­
tures were sometimes employed with identical résulté).
The carbon dioxide was obtained from a cylinder of com­
pressed gas, and measured amounts of the mixture given. 
During the periods of hand pumping no further anaesthetic 
was
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was given. In each case the hand pumping was started with 
ordinary air in order to get a comparative record,and when 
the trace was steady the carbon dioxide mixture was admin­
istered. In every instance the preliminary hand pumping 
with air was carried out by the same observer who gave the 
carbon dioxide mixture so that the results might be uni­
form as regards rate and force. It was found with a 
little practice to be very easy to keep up the hand pumping 
steadily at the same rate and pressure for the few minutes 
the experiment lasted. The earliest tracings were made with 
two ordinary levers, but the later ones were made by means 
of a very useful straight writing double recorder devised 
for use by the laboratory mechanic, J.McCall. In several 
of the later experiments the blood-pressure was recorded 
simultaneously with the cardiac contractions. During the 
intervals between esqperiments artificial respiration was 
carried out by means of the Brodie pump, the air passing to 
the animal through an anaesthetic bottle so arranged that 
the amount of the anaesthetic given could be regulated at 
will. I
A.
T a b le  I. Light anœsthesia series.
Auricular & Ventricular iîaic Auricular and Ventricular Am plitude, in nini.
Decrease Increase
Decrease Increase -^----------------- -^------------------ -^- ,-------------------  Total
,-------- '--------\ --.-------- '-------- s 1st half 2nd half 1st half 2nd half ventricular
No. in 1st 2nd 1st 2nd------ ,—--- <-------- . ,_____ <____,---------------■------- .------- . -------... increase
series half half half half V A V A V A V A  or decrease
1 2-5 0 0 — — 5-0 1 0 10 0 _  _  _  _  0-8 - 1 5  0
2 2 0 0-5 — — 8 0 5-2 4 5 1-1 — — — — -1 2  5
3 0 0 3 0 — — 2-6 — 3-4 7 0 _  0-6 — — -  6 0
4 3-25 2-75 — — 19 0 6-4 — 10 0 — — 0 6 — -18-4
5 0-0 2-0 — — 2-3 1-0 8-7 — — — — 0-7 -1 1  0
6 2-0 2-0 — — 9-0 — — — — — 1-7 — -  7-3
T 1-5 2-0 — — 2-3 1-1 15-4 1-6 — — — — - 1 7 7
8 1-5 0-0 — — 1-0 2-0 1-3 1-4 — — — — -  2-3
9 0-75 1-25 — — 1-3 3-4 — 2 0 — — 0 7 -  -  0 6
10 1-0 4-0 — — 34-0 — 14-0 — — — — — - 48-0
14-5 17-5 0-0 0-0 84-5 20-1 67 6 23-1 0 0 0-6 3 0 1-5 -138-8
Average for 10 Exps. :
1-45 1-75 0-0 0 0 8-45 2 01 5 76 2-31 0 0 0 06 0 3 0*15 - 1 3  89
T a b l e  II. Deep anœsthesia series.
Auricular and 
Ventricular Hate
Auricular and Ventricular Am pliludr, in mm.
Decrease Increase
Degree of No. in 
anaesttiesia series
Dec
1st
half
2nd
lialf
Inc
'ist
half
2nd
half
1st Iialf
^  a"
2nd half 
' V A V
half
a'
2nd half
'v ~ '~ A ~ '
Total 
ventricular 
increase 
or decrease
Deep 1 0-0 0-0 0-5 0-0 — — 0-2 0-1 1-9 0-5 — + 1-7
Slight corneal 
reflex
2 1-5 0-0 0-0 0-0 4-1 0-6 2-0 — — — — 2-0 -6 -1
Deep 3 0-0 0-0 0-0 0-0 1-8 0-1 — — — — 0-2 0-1 + 1-6
Deep 4 0-5 0-0 0-0 0-0 1-0 — — - 1 0
Deep 6 0-0 0-0 0-0 0-0 1-3 — — — — 1-0 3-3 — + 2-0
Deep 7 0-0 0-0 0-0 0-0 0-2 1-4 2-2 + 1-4
Slight 9 1-0 0-5 0-0 0-0 1-0 — — — — 1-0 2-0 1-6 + 1-0
Very deep ... 10 0-25 0-0 0-0 0-0 1-0 1-7 0-3 -1 -3
Deep 11 0 5 0-5 0-0 0-0 ----- 0-4 0-4 0-0
C. E. after 20 12 0-25 1-25 0-0 0-0 0-3 — 0-3 ----- — 0-6 — 1-0 -0 -6
secs.
Slight G .E.... 13 0-5 0-5 0-0 0-0 4-0 0-4 — 0-3 — — 0-4 — -3 -6
Deep 14 0-0 0-0 0-0 0-0 8-0 2-0 — — — — 1-0 1-0 -7 -0
4-6 2-75 0-5 0-0 22-7 5-2 2-8 0-4 1-9 3-12 8-3 8-3 -1 1 -9
Av. for 12 Exps. 0 33 0 19 0 04 0 0 1 62 0 37 0 19 0 03 0 13 0 22 0-6 0 6 - 0  85
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A. Heart Experiments.
I. Influence of the anaesthetic alone. The influ­
ence of the anaesthetic alone is a point which had to he 
considered, and we carried out a number of observations on 
it. Our experiments have shown in common with the majority 
of others, carried out for this purpose, that, provided the 
administration is not pushed unduly, the anaesthetic has 
practically no effect on the rate and the amplitude of the 
cardiac beat. If it be given freely some inhibition of 
the amplitude takes place, and if it be given in excess the 
heart goes into a state of fibrillation, or a condition 
closely resembling it, from which it recovers more or less 
readily if artificial respiration be carried out with air 
free from the anaesthetic.
IIe Influence of the inhalation of the carbon 
dioxide mixtures. The effect of the administration of 
varying mixtures of carbon dioxide and air to an anaes­
thetised animal varied according to the depth of the an- } 
aesthesia as is clearly demonstrated by the following proto-j 
cols, tracings^ and Tables I and II which give a summary of | 
a series of the experiments. In addition to the experiment^ 
summarised
Fig. 1. Light anœsthesia. 3 litres of 16 ®/q COg-air mixture.
[In this and all other traces the upper curves are auricular and the lower ventriculai.]
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summarised in these tables we have a very large number of 
experiments in which the results fall midway between deep 
and light anaesthesia as it is difficult to hit off always 
with certainty the proper depth of anaesthesia.
Protocol le (a). The rabbit was lightly anaes­
thetised, and a mixture containing 16^ carbon dioxide in 
air was given. The amplitude of the excursion of both ven­
tricular and auricular levers diminished markedly within 
ten seconds of the commencement of the experiment and the 
rate became slowed (see Fig.l). After 30 seconds a slight 
struggle took place, and the condition of the heart was so 
unsatisfactory that the experiment was stopped after three 
litres of the carbon dioxide air mixture had been given.
The heart had been gradually failing, and the marked dila­
tation of the auricles and the ventricles gave the trace 
a diastolic character. The measurements of the rate and am­
plitude are as follows:
Rate
Fig. 2. Deep anœsthesia. 5 litres of 16%  COj-air mixture. Intervals= 2 0  secs.
Total tim e= 72  secs.
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Middle End of
of ex­ Experi­
periment ment .
7.0 5.0
7.0 5.0
26.7 mm. 11.3 mm
7.3 5.7
Rate Commence­
ment of 
experiment
Ventricle ) 8,5
) in 3 seconds 
Auricle ) 8.5
Amplitude.
Ventricle) average of 3 con- 29,0 mm.
Auricle ) tractions 8,3
Height of lowest point of ven- 30.0 mm, 38.0 mm. 46,0 mm.
tricular trace above the base 
line.
(For tracings from this and other experiments in this 
series see Appendix )
(b) At the conclusion of Exp. (a) the anaesthetic 
was given until the animal was deeply under, no corneal re­
flex, the pupil widely dilated and inactive. Again 16# 
carbon dioxide air mixture was given as before. A very 
slight diminution in rate took place, but no change in the 
amplitude. Five litres of the mixture were given without 
markedly influencing the heart (see Fig.2). the measure­
ments of the rate and the amplitude are as follows:
Rate
Fig. 3. Light anœsthesia. 5 litres of 12 ®/„ COg-air mixture.
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Rate
Ventricle )
)in 3 seconds 
Auricle ) ...
Amplitude.
Ventricle| Average of 3 con-
Auricle ) tractions
Commence­
ment of
Middle 
of ex-
End of 
experi-
experiaent périment ment
9.0
9.0
21.0 mm. 
4.7
8.5
8.5
8.0
8.0
Height of lowest point of ven- 22.0 mm. 
tricular trace above the base 
Une.
21.0 mm. 21.0 mm. 
4.3 4.7
23.0 mm. 24.0 mm.
Protocol II. (a) A rabbit was lightly anaesthetised 
and five litres of a mixture of 12# carbon dioxide in air 
were given. The amplitude of the auricular and ventricular 
contractions diminished slowly during the first 30 seconds 
after the administration began and then more rapidly, reach­
ing a minimum 70 seconds from the commencement of the ad­
ministration, The rate was slowed slightly at first but 
markedly during the second half of the administration 
(see Fig.3), There was marked dilatation of the heart. 
Measurements were as follows:
Rate
Fig. 4. Deep anaesthesia. 5 litres of 12 COg-air mixture.
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Rate
Ventriclé)
Commence- Middle End of 
ment of of ex- experi- 
experiment périment ment
in 3 seconds
Auricle
Amplitude 
Ventricle) average of 3 con- 
Auricle ) tractions
11.0
11.0
10.0
10.0
6 .0
6 .0
65.0 mm. 51.0 mm. 37.0 mm.
4.0
Height of lowest point of ven- 24.0 mm. 47.0 mm. 64.0 mm. 
tricular trace above the base 
line.
(b) At the close of the above experiment the admin­
istration was pushed until the animal was deeply anaesthe­
tised. No comeal reflex, and pupils dilated and inactive. 
Five litres of 12^ carbon dioxide air mixture were given.
A slight diminution in amplitude of the heart’s contrac­
tion took place at first to be followed by a very small in­
crease but no change in the rate (see Fig.4). The measure­
ments were;
Rate
Ventricle) ...
) in 3 seconds 
Auricle ) ...
Amplitude
Ventricle) average of 3 con-
Auricle ) tractions
Commence- Middle End of 
ment of of ex- experi- 
experiment périment ment
8 . 0
8.0
52^0 mm 
6 .0
8 .0  
8.0
8 . 0
8.0
Height of lowest point of ven- 55.0 mm, 
tricular trace above the 
base line.
44.0 mm. 45.0 mm.
4.0 5.0
62.0 mm. 63.0 mm.
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The results which we have obtained may he brief­
ly summarised as follows. When the animal is lightly under 
the influence of an anaesthetic (in all cases the animals 
were quite unconscious) the effect of the administration 
of carbon dioxide, by way of the respiratory tract, produces, 
with almost perfect regularity, a reduction both in the rate 
and the amplitude of the heart beat, idiereas when the animal 
is deeply under (when the administration of the anaesthetic 
was pushed until the cardiac contraction was slightly af­
fected) there is no, or at most merely the slightest, re­
duction in the rate and amplitude of the heart beat. That 
this inhibitory influence of the depth of the anaesthesia j 
is a sensitive balance is shown by the fact that when a 
series of experiments are carried out in succession, be­
ginning with the animal deeply anaesthetised and continu­
ing without further administration there is a steady in­
crease in the carbon dioxide poisoning effect as demonstrat­
ed by the gradual decrease in the amplitude of the heart 
contraction, particularly of the ventricle.
In view of the results obtained by Starling and 
his co-workers it was of interest to investigate the effect | 
of the administration of carbon dioxide in varying depths |
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of anaesthesia on the blood-pressüre in addition to the 
heart direct.
before determining the influence of the addition 
of the carbon dioxide we carried out a series of experi­
ments on the direct influence of the anaesthetic alone on 
the blood pressure. We found in a number of our experi­
ments that on changing from "light" to "very deep" anaes­
thesia the blood-pressure might fall as much as 50 mm. of 
Hg, and that a corresponding rise in blood-pressure took 
place when the anaesthesia changed from "deep" to "light".
The effect of giving carbon dioxide was very 
marked in that, as the anaesthesia became less deep, the 
administration of the carbon dioxide air mixture brought 
about a gradual increase in the blood-pressure. In stages 
of light anaesthesia the carbon dioxide frequently caused a 
sharp rise of from 30 to 40 mm.Hg. from the base line at 
the commencement of the administration. Further, that the 
blood-pressure rise continued after the administration of 
the carbon dioxide had ceased, in other words that the apex 
of the blôod-pressure rise was not synchronous with the 
point of minimim amplitude of the auriculo-ventricular 
trace. In deep anaesthesia this rise in blood-pressure was 
not
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not brought about by the giving of carbon dioxide. On the 
other hand when the anaesthesia was less deep but still 
deep enough to prevent the carbon dioxide affecting very 
definitely the rate and the amplitude of the heart a rise 
in blood pressure might occur.
As regards the relationship of the rise and fall 
in blood-pressure to the variation in the amplitude and 
rate of the cardiac contraction our experiments tend to 
show that, although there may be some connection, the 
diminished amplitude which results from the administration 
of carbon dioxide during light anaesthesia is not solely 
dependent upon the alteration of the blood-pressure. The 
following short summary and the subsequent protocols will 
serve to make these points clear.
Light anaesthesia + COg. Marked rise in blood- 
pressure. Labouring heart. Blood-pressure starts to rise 
before the heart trace becomes affected and the apex of the
B.P.curve is frequently subsequent to the point of minimum 
amplitude of the cardiac contraction: it may even occur 
after the cessation of the administration of the COg.
Medium anaesthesia + COg. Rise in blood-pressure 
1:0 marked labouring of the heart although slight diminution 
in
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in the amplitude may take place.
Deep anaesthesia + COg. No rise in hlood-pres- 
aure. Practically no alteration of amplitude of the car­
diac contraction.
The following experiments may also he cited: 
Protocol III. The animal was very deeply an­
aesthetised and a series of tracings without further anaes­
thesia were taken at intervals of about four minutes.
(The experimentwas stopped before the animal came out of 
the anaesthetic}.
(a) Animal deeply under. Five litres of 12# 
carbon dioxide air mixture given. The auricular contrac­
tion was poor before the carbon dioxide was administered 
but commenced to improve after about one minute and was 
quite good at the end of the administration. The ventricu­
lar trace showed a slight diminution in amplitude for some 
25 seconds, but subsequently increased to its initial size. 
The blood-pressure rose very slightly at first but not again 
until more than half of the carbon dioxide had been given 
when a second slight rise took place. In all the rise in 
blood-pressure from the beginning of the experiment until 
it
Fig. 5. Deep anæsthesia. Heart contraction and blood-pressure recorded simultane­
ously. 5 litres of 12 % COj-air mixture. Intervals =  14 secs. Total time =  111 secs.
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it reached its maximum height about 20 seconds after the 
cessation of the administration of the carbon dioxide was 
only about 12 mm,of Hg, (see Fig,5). After the carbon di­
oxide was all given and pure air was administered the 
cardiac amplitude rapidly increased, but the blood-pressure 
after reaching its maximum very gradually fell away. The 
figures were:
Rate Commence- Middle End of
ment of of ex- experi- 
experiment périment ment
Ventricle) ... 13.0 13.0 13.0
in 3 seconds
Auricle ) ? 1 3 ,0  1 3 ,0
Amplitude.
Ventricle) average of 3 con- 4 6 .0  mm. 4 0 .3  mm. 43 .1  mm.
Auricle j tractions ? 1 . 0  3 .0
Height of lowest point of ven- 7 6 ,0  mm. 8 4 .0  mm. 8 0 .0  mm.
tricular contraction above 
the base line.
Blood-pressure in mm.Hg.above 2 5 ,0  mm. 2 7 .0  mm, 35 .0  mm*
base line.
* 30 seconds later 3 7 .0  mm.
(b) No.5 in series. Animal lightly anaesthetised 
and the heart beating well. When five litres of 1 ^  carbon 
dioxide air mixture were given both the ventricular and 
the auricular contractions diminished in amplitude, the 
rate
Fig. 6. Light anæsthesia. Heart contraction and blood-pressure recorded simultane­
ously. 5 litres of 12 7o COg-air mixture. Intervals =  14 secs. Total time=100 secs.
8 2 .
rate slowed but the blood-pressure rose some SO seconds 
after the commencement of the experiment. After the ad­
ministration of the carbon dioxide had ceased.the heart 
began to contract better and the rate increased again, the 
blood-pressure, however, continued to rise for a further 
30 seconds and reached its maximum at a point when the ven­
tricular and auricular traces were rapidly increasing in 
amplitude (see Pig.6.}. The figures were:
Rate Commence- Middle End of
ment of of ex- experi- 
experiment périment ment
Ventricle ) 13.0 8.0 8.0
)in 3 seconds
Auricle ) 13.0 8.0 8.0
Amplitude
Ventricle) average of 3 con- 54.3 mm. 21.7 mm. 21.3 mm,
)
Auricle ) tractions . 7.7 1.8 1.3
Height of lowest point of ven- 78.0 qmi.lOl .0 mm. 101.0 mm.
tricular trace above the base 
line.
Blood-pressure in mm.Hg.above 52.0 mm. 68.0 mm. 77,0 mm*
base line.
* 30 seconds later, 90 mm.
Thus it would appear that when the anaesthesia is 
deep, 80 deep that carbon dioxide has practically no effect 
on the amplitude of the heart beat, there is no marked rise 
in
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in the blood-pressure in spite of the fact that the per­
centage of carbon dioxide used ought, if the explanation 
of Starling and von Anrep be the correct one, to have 
evoked a secretion of adrenalin with its accompanying rise 
in blood-pressure; and yet, with the light anaesthesia, 
when the amplitude is affected, we find the rise in blood- 
pressure noted by Starling,
At present we are carrying out a further series 
of experiments with a view to elucidating the manner in 
which the anaesthesia exercises its inhibiting action.
We find that, however de dp the degree of anaesthesi^ in­
ject ions of minute quantities of adrenalin still yield a 
normal rise of blood pressure, even after the administra­
tion of large doses of Atropin^ Nicotinjand Curara. That 
the absence of rise of pressure on administration of COg 
during deep anaesthesia is due to the paralysis of a cen­
tral mechanism is supported by the fact that decapitation 
of an animal is followed by a fall of blood pressure which 
does not rise in a normal fashion on administration of COg, 
even an hour and more after the anaesthetic was last ad­
ministered. Here also, the injection of a minute quantity 
of an extract of supra^renal medulla is followed by a 
normal rise in blood pressure.
As
8 4 .
As regards the practical aspect of our work, it 
certainly gives support to the view that if anaesthesia 
is to be carried out safely it must be deep.
The results of our experiments with lactic acid 
are inconclusive, and we are continuing this series.
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2 .  Remote. The f a c t s  con s id ered  above show c l e a r ­
l y  t h a t  t h e  a d m i n i s t r a t i o n  o f  ch loroform  i s  f o l l o w e d  by 
changes  in  t h e  t i s s u e s  and t h a t  consequent  upon t h i s  th e r e  
a re  a l t e r a t i o n s  in  m etabol ism  and l o s s  o f  w e ig h t .  These e f ­
f e c t s  a r e  g e n e r a l l y  s h o r t  l i v e d  and even a f t e r  r e l a t i v e l y  
g r e a t  changes  in  t h e  l i v e r ,  com plete  r e c o v e r y  may ta k e  
p l a c e  in  r a b b i t s  and d o g s .  In some i n s t a n c e s ,  however,  
t h i s  i s  not  t h e  c a s e ,  and th e  animal d i e s  days or sometimes  
weeks a f t e r  t h e  a d m i n i s t r a t i o n .  T h is  c o n d i t i o n  i s  termed 
" d e la y e d  ch lo r o fo r m  p o i s o n i n g " .  In s e a r c h in g  f o r  th e  
p a r t i c u l a r  e lement  i n v o l v e d ,  the  author was s tr u c k  by th e  
f a c t  t h a t  in  t h e  human s u b j e c t  changes in  th e  l i v e r  were  
found a f t e r  dea th  from d e la y ed  chloroform p o i s o n i n g  which  
were i d e n t i c a l  w i t h  t h o s e  found in  an imals  where th e  drug 
was i n j e c t e d  su b c u ta n e o u s ly  or g iven  by mouth. An i n v e s -
]
t i g a t i o n  was c o n s e q u e n t ly  undertaken to  d i s c o v e r  i f  t h e r e  | 
was any d i f f e r e n c e  in  t h e  d i s t r i b u t i o n  o f  t h e  ch loroform  
in  t h e  b lo o d  when g iv e n  in  t h e s e  ways from th a t  found a f t e r  
i n h a l a t i o n .  The r e s u l t s  are  r e f e r r e d  to  on p a g e / /^  e t  s e q .  
I t  i s  t h u s  p r o b a b le  t h a t  th e  d e layed  e l i m i n a t i o n  o f  t h e  drug; 
i s  due to  t h e  f a c t  t h a t  a l a r g e r  amount i s  combined in  th e  
p lasm a.  T h is  s o l u t i o n  o f  ch loroform in  plasma b a th e s  t h e  
t i s s u e s
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t i s s u e s  and e x e r t s  i t s  e f f e c t  upoti t h e  c e l l s  f o r  an unduly  
l o n g  t im e .  The ch lo ro fo rm  combined w i t h  th e  l i p o i d s  o f  t h e  
red c o r p u s c l e s  i s  r a p i d l y  assumed and r a p i d l y  e l i m i n a t e d ,  
t h a t  in  t h e  plasma « whether in  s o l u t i o n  or combined w ith  
p r o t e i n s  or l i p o i d s  i s  u n c e r t a in  -  i s  s lo w ly  e l i m i n a t e d .  
Chloroform e v i d e n t l y  combines l o o s e l y  w i t h  th e  co rp u scu la r  
e lem en t  and f i r m l y  w i t h  t h e  plasma e lem ent .  The a n a e s t h e t i c  
e f f e c t  i s  o b ta in ed  by th e  loose ly^com bined  p o r t i o n ,  th e  
d e s t r u c t i v e  e f f e c t  l a r g e l y  by t h e  more f i r m l y  combined p o r ­
t i o n  whose e l i m i n a t i o n  i s  d e la y e d .  I t  i s  i n s t r u c t i v e  to  
n o t e  t h a t  in  an an im al ,  which was i n j e c t e d  w i t h  1 c . c .  o f  
c h lo ro fo rm  and k i l l e d  a f t e r  f i v e  and a h a l f  h o u r s ,  3 1 .6  
mg. o f  ch lo ro fo r m  per c e n t  were found in  t h e  b lood;  w h i l e  
th e  a n im a l ,  though shaky,  was not c o m p le te ly  a n a e s t h e t i s e d ,  
whereas  f u l l  a n a e s t h e s i a  was produced by i n h a l a t i o n  in  a 
r a b b i t  whose b lood  co n ta in e d  3 0 ,8  mg. per ce n t  when k i l l e d  
im m e d ia te ly  a f t e r  th e  a d m i n i s t r a t i o n .  Another r a b b i t ,  
which  had 1 c . c .  a d m in i s te r e d  by th e  stomach, and which  
was a l s o  not  f u l l y  a n a e s t h e t i s e d ,  showed 3 2 .5  mg. per cen t  
i n  t h e  b lo o d  when k i l l e d  t h r e e  hours  a f t e r .
The t o t a l  q u a n t i t y  o f  ch loroform  in  t h e  b lo o d  i s  
n ot  t h e r e f o r e  a measure o f  th e  d e g ree  o f  a n a e s t h e s i a .  
Complete
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Complete  a n a e s t h e s i a  i s  o b ta in e d  w i th  a much s m a l le r  amount 
o f  ch loro forq i  in  t h e  b lo o d  when th e  a n a e s t h e t i c  i s  g iv e n  
by i n h a l a t i o n  than when g iv e n  in  th e  two o th e r  ways men­
t i o n e d .
Thus d u r in g  i t s  a d m in i s t r a t io n  th e  dangers  o f  
ch lo r o fo r m  a s  an a n a e s t h e t i c  a r e  such as  may be surmounted 
by ca re  in  r a t e  o f  a d m i n i s t r a t i o n .  Due r e c o g n i t i o n  o f  the  
im portance  o f  r e n d e r in g  t h e  a n a e s t h e s i a  an e f f i c i e n t  one 
must be r e c o g n i s e d .  A f t e r  i t s  a d m in i s t r a t i o n ,  any t r e a t ­
ment which w i l l  i n c r e a s e  t h e  r a t e  o f  e l i m i n a t i o n  i s  to  be 
recommended. The h a b i t  o f  l e t t i n g  a p a t i e n t  " s l e e p  o f f"  
t h e  drug i s  not  l i k e l y  t o  e x p e d i t e  e l i m i n a t i o n ,  but r a th e r  
t h e  r e v e r s e ,  and t h i s  shou ld  t h e r e f o r e  not  be p e r m i t t e d .
88.
The Appendices following contain some of the 
figures, photographs and records obtained in the experi­
ments quoted above. No attempt has been made to make 
these exhaustive.
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APPENDIX I.
Influence of Chloroform on the Tissues
I. Bv Inhalation
F i g . l .  Kidney from r a b b i t  No»28 o f  th e  s e r i e s .  Chloroform was
a d m in i s t e r e d  through t h e  r e s p i r a t o r y  p a s s a g e s  fo r  f i f t e e n  
m in u te s  and t h e  animal was k i l l e d  one hour a f t e r .  There i s  
but  l i t t l e  v a r i a t i o n  from th e  normal. X 66,
Pig.lt, Liver from the same animal as Figure I. The organ 
shows a normal appearance. X 66.
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Fig.ill. Kidney from rabbit No.9a of the series which had 1 c.c.
of chloroform administered in oil by the stomach. To 
the right is seen a quantity of extravascular blood.
The cells lining the tubules are in various states of 
degeneration. The nuclei as a whole are badly stained. 
X 150.
Pig,iv. High power view of the tubules adjacent to the extra- 
vascular blood. The granules referred to in the text 
are well shown, X 800.
Fig.v. Liver from the same rabbit. To the left the centre of
the lobule is seen to be completely broken down while to 
the right the cells at the periphery appear almost 
normal. X 150.
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3• Bv Injection.
Fig. vi. Medulla of kidney from rabbit No.33 which received an 
injection of 1 c.c. of chloroform subcutaneously. A 
considerable degree of degeneration is observable and 
the nuclei are losing the power of taking on the basic 
stain. X 150.
Fig.vii, Liver from the same animal. The centre of the lobule 
shows cells considerably degenerated and even vacuo­
lated. The periphery - to the right - shows cells
which are almost normal in appearance. X 150
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APPENDIX II.
Influence on Red Blood Counts. 
Numbers given per cubic millimeter.
1. Inhalation.
95.
1. Inhalation
Rabbit XIX.
Rabbit II.
Before chloroform 
1st.day after 
2nd. " "
3rd. " "
4th. » "
5th. " «
Rabbit XVI.
Before chloroform 
1 st.day after 
2nd,day after 
3rd. » "
4th. •» "
5th. " "
1300 grms.chloroform given for 15 minutes
5.200.000
5.600.000 
6 , 0 0 0 ,0 0 0
5.500.000
5.600.000
5.200.000
1330 grms.chloroform given for 30 minutes
5.360.000
6.240.000
6.500.000
6.450.000
5.964.000
5.580.000
Wt. 1750 grms,chloroform for -J- hour.
Before chloroform 
1st.day after 
2nd. "
3rd. *
4th. w 
5 th. "
6th. "
6.900.000
8.240.000
8.400.000
7.480.000
7.360.000
7.600.000
6.960.000
Rabbit XX Wt. 1100 grms.chloroform for -J- hr
Before chloroform 
1 st.day after 
2nd. " "
3rd. " "
4th. " "
5.840.000
6.560.000
7 . 2 0 0 . 0 0 0
6.400.000
5.600.000
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Rabbit XXII. Wt
Before chloroform 
let.day after 
2nd. " "
3rd. " *
4th, " "
1000 grms.chloroform for ^ hour.
6,080,000
7.440.000
7.560.000
6.600.000 
5,600,000
Rabbit XXVI Wt. 2,000 grms. Chloroform for -I* hour.
Before chloroform 
1st.day after
2nd. n
3rd. m
4th. ti
5th, m
6th. n
6 , 000 ,0 00
7.260.000
7.240.000
7.620.000
6.320.000
6.440.000
6 .210 .000
RabbitXyiX Wt. 960 grm. Chloroform for ^ hour.
Before chloroform 
1st.day after 
2nd. " "
5,680,000
6.760.000
4.080.000 died.
Rabbit XXXI1 Wt. 1260 grms. Chloroform for 1 hour.
Before chloroform 
1st.day after 
2nd.
3rd.
4th.
5th.
6th.
7 th,
5.440.000
4.250.000
4.720.000
4.450.000
4.830.000
4.300.000
4.400.000 
died.
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Rabbit XXXW. Wt. 1465 grms. Chloroform for ^ hour
Before chloroform 
1 st.day after 
2nd. " "
3rd. " "
4th. " "
5.320.000
6.660.000
6.340.000
5.640.000
5.470.000
Rabbit. XXXVII. Wt. 2000 grms. Chloroform for 1 hour
Before chloroform 
1st.day after
2nd. N
3rd. *
4th.
6th. W
6.230.000
7.030.000
6.460.000 
6,660,000 
6.060,000 
6,580,000
Rabbit XXXVIII Wt
Before chloroform 
1st.day after 
2nd.day after 
3rd. * "
4th. " "
5th. " "
2,000 grms. Chloroform for 1 hour
7.090.000
7.730.000
7.670.000
7.120.000
6.360.000
6.900.000
Rabbit XXXIg, Wt. 1750 grms.Chloroform for 1 hour.
Before chloroform 
1st.day after 
2nd.day after 
3rd. " "
4th. » "
7.360.000
6.420.000
4.870.000
4.310.000 
died
96.
Rabbit XL. Wt
Before chloroform 
1 st.day after 
2nd. " "
3rd. " "
4th. " "
1900 grms. Chloroform for 1 hour
5.760.000
6.490.000
6.590.000
6.080.000
Rabbit XLI. Wt, 1560 grms. Chloroform for 1 hour.
Before chloroform 
1 st,day after.;
2nd. *• "
3 r d .  " "
4th. * "
5th. " "
6,800,000
7.744.000
6.760.000
6.240.000
5.920.000
5.920.000
R abbit XLIII Wt. 1256 grms. Chloroform for ^ hour.
Before chloroform 
1st.day after 
2nd. " "
6.750.000
7.440.000
6.940.000
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2. Injection.
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Rabbit V. Wt. 1850 grms, 1 c.c
Before chloroform 
1st,day after 
2nd.. "
3rd. "
4 th. «
5th. "
6.320.000
7.500.000
6.600.000
6.400.000
6.800.000 
6,300,000
chlorofoM in< 
jected
Rabbit VI. Wt. 2100 grms. 1 c.c. chloroform inject­
ed
Before chloroform 5,600,000 
1st.day after 4,800,000
died.
Bâ.bbJLt,Yni. Wt. 1240 grms
Before chloroform 
1 st.day after
2nd. « w
3rd. w w
4th. n n
5th. n n
6th, # *
5.600.000
7.840.000
7.600.000
5.680.000
6.400.000
6.600.000 
6,320,000
1 c.c. Chloroform inject­
ed
Rabbit IX, Wt. 1300 grms. 1 c.c
Before chloroform 
1st.day after 
2nd.day after 
3rd. " "
4th. " "
5th. " *
5.600.000
6.700.000
5.850.000
6.160.000
5.840.000
5.400.000
Chloroform inject­
ed
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Rabbit X. Wt. 1300 grms. 1 c.c. Chloroform injected
Before chloroform 
1st.day after 
2nd. " "
5.600.000
5.600.000 
died
Rabbit XII. Wt. 2360 grms. 1 c.c. Chloroform injected
Before chloroform 
1st.day after 
2nd. *• "
3rd. " "
4th. " "
5th. * "
6th. •» "
5.760.000
6.500.000
6.720.000
5.840.000 
6 , 0 0 0 ,0 0 0
5.600.000
5.920.000
Rabbit XIII. Wt. 1850 grms, 1 c.c. Chloroform injected.
Before Chloroform 
1st.day after 
2nd. " "
3rd. * "
5.040.000
5.120.000
5.480.000 
died
wt. 1900 grms. 1 c.c. Chloroform injected
Before chloroform 
1st. day after 
2nd. " "
3rd, * "
4th. » "
5.400.000
6.960.000
6.640.000
6.080.000 
6,400,000
B a b b it  Æ . Wt. 1760 grms. 1 c.c. Chloroform injected
Before chloroform 
1st.day after 
2nd.day after 
3rd. * "
5.400.000
6.480.000
6.640.000
6.500.000
100.
Rabbit JKVIII. w t. 2300 grms. 1 c.c. Chloroform injected
Before chloroform 6,400,000
1st.day after 7,440,000
2nd.day " 7,520,000
3rd. « " 6,480,000
Rabbit XXI. Wt. 1050 grms. 1 c.c. Chloroform injected
Before chloroform 5,600,000
1st.day after 7,440,000
2nd. • *• 7,200,000
3rd. " " 7,080,000
Rabbit XXIV. Wt. 2300 grms. 1 c.c. Chloroform injected
Before chloroform 6,320,000
1st.day after 8,880,000
Rabbit XXV. Wt. 2000 grms. 1 c.c. Chloroform injected
Before chloroform 6,080,000
1 st.day after 7,840,000
Rabbit XXVII. Wt. 1400 grms. 1 c.c. chloroform injected
Before Chloroform 6,800,000
1st,day after 7,490,000
2nd. « « 6,900,000
Rabbit XLII, Wt. 1550 grms. 1 c.c. Chloroform injected
Before Chloroform 6,790,000
1st.day after 8,200,000
2nd. " " 7,230,000
3rd. " * 7,440,000
4th. "  ^ 7,520,000
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B a b b it  XXVIII. Wt. 1560 grms. 1 c . c
B e fo r e  ch lo r o fo r m  
1 s t . day a f t e r  
2 nd. * "
3 rd . " "
4 t h .  " "
5 t h .  ** "
6 .4 0 0 .0 0 0
5 .2 8 0 .0 0 0
5 .9 6 0 .0 0 0
4 .0 4 0 .0 0 0
4 .1 6 0 .0  00
4 .6 8 0 .0 0 0
C hloroform  in  10 c 
O liv e  O i l
G .
R ab b it  XXIXa Wt. 1800 grm s. 1 c . c
B e fo r e  C hloroform 6 ,3 2 0 ,0 0 0
1 s t . day a f t e r 7 , 0 4 0 ,0 0 0
2 n d . " N 6 ,3 2 0 ,0 0 0
3rd . " H 6 ,7 2 0 ,0 0 0
4 t h .  * H 5 ,6 0 0 ,0 0 0
5 th .  « N 5 ,9 8 0 ,0 0 0
6 t h .  " n 6 ,0 4 0 ,0 0 0
C hloroform  In 10 c . c  
O liv e  O i l .
R abbit XXXI. Wt. 1140 grms. 1 c . c .  Chloroform  in  10 c . c
O l iv e  O i l
B e fo r e  C hloroform  5 ,1 2 0 ,0 0 0
1 s t . day a f t e r  5 ,3 6 0 ,0 0 0
R abbit XXXIII. Wt. 1650 grm s. 1 c . c
B e fo r e  C hloroform  
1 s t . day a f t e r  
2 n d .day "
3 rd . " "
4 t h .  " "
5 t h .  "
6 t h .  " "
5 .4 6 0 .0 0 0
7 .3 0 0 .0 0 0
5 .4 8 0 .0 0 0
6 .1 6 0 .0 0 0  
6 , 020 ,0 0 0
6 .0 7 0 .0 0 0
6 .5 6 0 .0 0 0
C hloroform  in  10 c . c  
O liv e  O i l
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R abbit XXXVI. Wt. 1150 grms, 1 c . e
B e fo r e  C hloroform  
1 s t . day a f t e r  
2 nd. "
3Bd. " "
4 t h .  *• "
5 .8 4 0 .0 0 0
6 .7 2 0 .0 0 0
6 .4 8 0 .0 0 0
5 .8 8 0 .0 0 0
5 .7 7 0 .0 0 0
Chloroform  In  10 c . c .
O l iv e  O i l
R ab b it  XLIV. W t. 1750 grm s. 1 c . c .
B e fo r e  c h lo ro fo rm  
1 s t . day a f t e r  
2 nd. " "
7 .6 0 0 .0 0 0
8 .8 0 0 .0 0 0  
7 ,6 0 0 .0 0 0
C hloroform  in  1 0 c . c .  
O liv e  O i l
R ab b it  XLV. Wt. 1725 grms. 1 c . c
B e fo r e  ch lo ro fo rm  
1 s t . day a f t e r  
2 nd.
3 rd .
4 t h .
5 t h .
6 t h .
7 t h .
6 .4 0 0 .0 0 0
7 .9 4 0 .0 0 0
7 .2 8 0 .0 0 0
7 .4 6 0 .0 0 0
7 .2 0 0 .0 0 0
6 .4 0 0 .0 0 0
6 .2 4 0 .0 0 0
6 .4 0 0 .0 0 0
C hloroform  in  10 c . c .  
O liv e  O i l
R abbit XLVI. Wt. 1900 grms. 1 c . c .  Chloroform  in  10 c . c .
B e fo r e  ch lo ro fo rm  
1 s t . day a f t e r  
2 nd, " "
d ie d
6 ,1 6 0 ,0 0 0
7 .8 2 0 .0 0 0
8 . 2 4 0 .0 0 0
O liv e  O i l
R ab b it  L I . Wt. 1350 grm s.
D a i l y  c o u n ts  were made fo r  8  days a s  a c o n t r o l  w i t h  an 
av era g e  v a r i a t i o n  o f  2 5 0 ,0 0 0 ,  1 c . c .  ch lo r o fo r m  in  
10 c . c .  O l iv e  O il  was now g i v e n .
B e fo r e  ch lo ro fo rm  7 ,3 6 0 ,0 0 0
1 s t . day a f t e r  7 , 2 4 8 ,0 0 0
d ied
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Rabbit L I U . Wt. 1800 grms.
D a i l y  co u n ts  were made f o r  6  d ays  a s  a  c o n t r o l  b e f o r e
1 c . c .  o f  ch lo r o fo r m  in  10 c . c .  o f  O l iv e  O il  was
g iv e n .  A verage v a r i a t i o n  1 8 0 ,0 0 0 .
B e fo r e  ch lo ro fo rm  5 ,2 0 0 ,0 0 0
1 s t . day a f t e r  4 ,8 0 0 ,0 0 0
2nd. " " 4 ,5 2 8 ,0 0 0
d i e d .
R abbit L V I. W t. 1850 grms.
D a i l y  c o u n ts  were made f o r  4 days b e f o r e  1 c . c .  o f
ch lo ro fo rm  in  10 c . c .  o f  O l iv e  ë i l  was g i v e n .  A verage  
v a r i a t i o n ,  2 4 0 ,0 0 0 .
B e fo r e  ch lo ro fo rm  5 ,8 4 0 ,0 0 0  
1 s t . day a f t e r  7 ,6 0 0 ,0 0 0
2 nd. *♦ " 8 ,4 5 0 ,0 0 0
3rd . •» •* 8 ,2 4 0 ,0 0 0
4 t h .  " ♦» 7 , 6 7 0 ,0 0 0
R ab b it  L V II . Wt. 1900 grm s. 1 c . c .  ch lo ro fo rm  in  1 0  c . c .
O l iv e  O i l .
B e fo r e  c h lo ro fo rm  6 ,0 6 0 ,0 0 0
1 s t . day a f t e r  6 ,4 0 0 ,0 0 0
2 nd. •  *» 6 , 1 0 0 , 0 0 0
3 r d .  « • 6 ,4 0 0 ,0 0 0
4 t h .  " " 6 ,3 2 0 ,0 0 0
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S p e c i f i c  Graviter o f  B lo o d  Serum from Normal R a b b its  and 
from R a b b its  w h ich  were i n j e c t e d  w i t h  1 c . c .  o f  
C hloroform  s u b c u t a n e o u s ly .
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In t h e s e  ex p er im en ts  th e  a n im a ls  w ere tak en  
d i r e c t l y  from t h e i r  c a g e s  and, h a v in g  been k i l l e d  by a shaip 
b low  b eh in d  t h e  o c c ip u t ,  were r a p i d l y  b le d  from th e  j u g u la r  
and c a r o t id  v e s s e l s  in t o  an open d i s h .  The b lo o d  rem ained  
in  t h i s  d i s h  in  a m o is t  atm osphere f o r  v a r y in g  t im e s  a s  
d e t a i l e d  b e lo w . The su p er n a ta n t  serum was withdrawn and 
i t s  S p e c i f i c  G r a v ity  e s t im a te d  by means o f  a S p e c i f i c  Grav­
i t y  B o t t l e .  In some i n s t a n c e s  th e  t o t a l  p r o t e in  c o n te n t  o f  
t h e  serum in  th e  b o t t l e  was a s c e r t a i n e d .  As th e  e x p e r i ­
m ents w ere d e v i s e d  to  d eterm in e  i f  t h e  p o ly c y th a e m ia  ob­
se r v e d  to  f o l l o w  an a d m in is t r a t io n  o f  ch lo ro fo rm  was due 
t o  a c o n c e n t r a t io n  o f  t h e  b lood  by in c r e a s e d  e x c r e t io n  o f  
u r in e ,  t h e  in fo r m a t io n  would be g iv e n  in  t h e  a f f i r m a t i v e  
i f  th e  S p e c i f i c  G r a v ity  w ere c o n s t a n t l y  h ig h e r  in  c h l o r o ­
formed a n im a ls  than norm al. The p r o t e i n  c o n te n t  o f  th e  
serum would a l s o  be c o n s t a n t l y  h ig h e r  in  ch loroform ed  a n i ­
m als  i f  t h i s  th e o r y  i s  c o r r e c t .
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1. Normal.
A. Normal r a b b i t ,  Wt. 1150 grm s.
B led  in t o  open d i s h ,  serum removed and S p e c i f i c  G r a v ity  
e s t im a te d  24 h ours l a t e r .
S p e c i f i c  G ra v ity  -  1 0 2 4 .
B . Normal r a b b i t .  Wt. 1300 grm s.
B le d  a s  ab ove . B lood  l a y  in  d i s h  f o r  24 h o u r s .
S p e c i f i c  G r a v ity  -  1 0 2 6 .5
P r o t e in  c o n te n t  o f  10 ccs .S eru m  -  0 .6 4 4  grm.
C. Normal R a b b it .  W t. 1200 grm s.
B le d  a s  ab o v e . S p e c i f i c  G r a v ity  o f  Serum tak en  a f t e r  
24 h o u r s .
S p e c i f i c  G r a v ity  -  1024 .
P r o te in  Content o f  10 ccs .S eru m  -  0 . 6 7 9  grms
G. Normal R a b b it .  Wt. 960 grms.
B led  a s  ab ove , l a y  in  d i s h  6  h o u r s .
S p e c i f i c  G ra v ity  -  1 0 1 8 .6
P r o te in  C ontent o f  10 c c s .s e r u m  -  0 . 5 5 9  grm s.
H. Normal R a b b it .  Wt. 1480 grm s.
B lo o d  l a y  in  d i s h  6  h o u r s .
S p e c i f i c  G r a v ity  -  1 0 2 2 .3
P r o t e in  C ontent o f  10 ccs .S eru m  -  0 .5 4 4  grm s.
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K. Normal R a b b it .  Wt. 1150 grms.
B lood  l a y  in  d i s h  12 h o u r s .
S p e c i f i c  G ra v ity  -  1 0 1 7 .5
P r o t e in  c o n te n t  o f  10 c c s .s e r u m  -  0 .5 1 7  grm s.
0 .  Normal r a b b i t .  Wt. 1350 grm s.
B lood  l a y  in  d i s h  6  h o u r s .
S p e c i f i c  G ra v ity  -  1 0 1 6 .6
P r o te in  c o n te n t  o f  10 c c s .  s e r u m .-  0 .5 1 7  grms
Ü. Normal r a b b i t .  Wt. 1 3 2 0 .
B lood  l a y  in  d i s h  24 h o u r s .
S p e c i f i c  G ravoty 1 0 2 2 .4
P r o t e in  c o n te n t  o f  10 c c s ,s e r u m  -  0 . 4 6 7 .  grms
The a v e r a g e  S p e c i f i c  G r a v ity  in  t h e  8  a n im a ls  r e f e r r e d  t o  
ab ove i s  1 0 2 1 . 5 , and t h e  a v era g e  p r o t e in  c o n te n t  in  1 0  c c s .  
o f  serum in  t h e  7 sp ec im en s  e s t im a te d  i s  0 .5 6 1  grm s.
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2 .  A f t e r  C hloroform .
D. Rabbit. Wt. 1100 grms.
1 c c .  i n j e c t e d  in to  f la n k ,  an im al k i l l e d  24 hours l a t e r .  
B lood  l a y  in  d i s h  24 h o u r s .
S p e c i f i c  G ra v ity  -  1 0 2 6 ,
P r o t e in  c o n te n t  o f  10 c c s .  Serum -  0 .8 1 5  grm s.
P . R a b b it .  W t. 1450 grms.
1 c c .  i n j e c t e d  in t o  f l a n k ,  an im al k i l l e d  24 h ou rs  l a t e r .  
B lood  l a y  in  d i s h  6  h o u r s .
S p e c i f i c  G ra v ity  -  1028
P r o t e in  c o n te n t  o f  10 c c s .  Serum -  0 .7 0 8  grms.
I .  R a b b it ,  Wt, 1200 grms.
1 c c . i n j e c t e d  in t o  f l a n k ,  anim al k i l l e d  24 h ou rs  l a t e r .  
B lood  l a y  in  d i s h  6  h o u r s .
S p e c i f i c  G ra v ity  -  1 0 2 9 .8 .
J .  R abbit Wt. 1250 grms.
1 c c .  i n j e c t e d  in t o  f la n k ,  an im al k i l l e d  24 h ou rs  l a t e r .  
B lood  l a y  in  d i s h  24 h o u r s .
S p e c i f i c  G ra v ity  -  1 028 .
P r o te in  c o n te n t  o f  10 c c s .  Serum -  0 , 7 4 9  grms.
M. R ab b it  Wt. 1650 grms.
1 c c . i n j e c t e d  i n t o  f la n k ,  an im al k i l l e d  24 h ours l a t e r .
B lood  l a y  in  d is h  f o r  12 h o u r s .
S p e c i f i c  g r a v i t y  -  1 0 2 6 .4
110.
A. A.  R a b b it .  Wt. 2000 grms.
1  c c .  i n j e c t e d  in t o  f l a n k ,  anim al k i l l e d  24 hours l a t e r .  
B lood  l a y  in  d i s h  12 h o u r s .
S p e c i f i c  g r a v i t y  -  1024 .
P r o te in  c o n te n t  o f  10 c c s .  serum -  0 .6 5 7  grm.
A. B,  R a b b it .  Wt. 2500 grms,
1 c c . i n j e c t e d  in to  f la n k ,  anim al k i l l e d  24 h ou rs  l a t e r .
B lood  l a y  in  d ish  12 h o u r s .
S p e c i f i c  G r a v ity  -  1 0 2 6 .4
P r o te in  c o n te n t  o f  10 c c s .  serum -  0 .6 2 8  grm. .
A. D.  R a b b it .  Wt; 2300 grms,
1 c c .  i n j e c t e d  in to  f l a n k ,  anim al k i l l e d  24 hours l a t e r .
B lood  l a y  in  d i s h  12 h o u r s .
S p e c i f i c  g r a v i t y  -  1 0 2 4 .3 .
P r o t e in  c o n te n t  o f  10 c c s .  serum -  0 . 6 8  g r m . .
A.H.  R a b b it .  Wt. 1450 grms.
1 c c ,  i n j e c t e d  in t o  f la n k ,  anim al k i l l e d  24 h ou rs  l a t e r .
B lood  l a y  in  d i s h  24 h o u r s .
S p e c i f i c  G r a v ity  -  1025
P r o t e in  c o n te n t  o f  10 c c s .  serum -  0 . 6 7 9  grm.
A . J .
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A . J ,  R a b b i t . Wt. 1900 grms.
1 c c .  i n j e c t e d  in to  f la n k ,  anim al k i l l e d  24 hours l a t e r .  
B lood  l a y  in  d i s h  24 h o u r s .
S p e c i f i c  G ra v ity  -  1 0 2 7 . 2 .  '
P r o te in  c o n te n t  o f  10 c c s .  serum -  0 . 7 6 8  grm.
The a v era g e  S p e c i f i c  G ra v ity  in  t h e  10 a n im a ls  r e f e r r e d  t o  
above i s  1 0 2 6 .5  and t h e  a v e r a g e  p r o t e in  c o n te n t  in  10 c c s .  
o f  serum in  t h e  8  spec im en s e s t im a te d  i s  0 .7 1 2  grm.
1 1 2 .
APPENDIX IV.
D e t a i l s  o f  an experim ent on a dog show ing t h e  
i n f l u e n c e  o f  d ep th  o f  C hloroform  A n a e s th e s ia  
upon t h e  e f f e c t s  o f  Carbon D io x id e .
113.
The animal was deeply anaesthetised with chloroform 
and its trachea exposed, opened, and a canula inserted. The 
canula was connected through a chloroform bottle with a 
Brodie respiration pump. The carotid artery was connected 
by a canula with a Kymograph and a canula tied into the 
jugular vein. Hirudin was injected to prevent clotting.
The subsequent procedure was exactly as detailed on page 
69 et seq.
The protocols illustrate clearly the influence of 
depth of anaesthesia upon (a) blood pressure, and (b) ampli­
tude of movement of the lever attached to the ventricle.
The records are continuous.
Protocol I. Lightly under.
Blood Pressure « 60 mm. Hg. 
Ventricular amplitude - 30 m.m. 
4 Litres \Z% COg - Air Mixture given.
At end of administration lasting 90 seconds. 
Blood Pressure - 80 m.m. Hg. 
Ventricular amplitude - 15 m.m.
114.
50 seconds after cessation of administration of COg 
Blood Pressure - 120 m.m. Hg.
Ventricular amplitude - 15 m.m.
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Protocol II. Deeply under.
Blood Pressure - 43 m.m. Hg. 
Ventricular Amplitude • 10 m.m. 
4 Litres 12^ COg - Air Mixture given.
At end of administration lasting 60 seconds.
Blood Pressure - 25 m.m. Hg
Ventricular Amplitude • 12 m.m.
50 seconds after cessation of Administration of CO, 
Blood Pressure - 25 m.m. Hg. 
Ventricular amplitude - 12 m.m.
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Protocol III. Lightly under.
Blood Pressure - 120 m.m. Hg.
Ventricular Amplitude 15 m.m.
4 Litres of 20^ COg - Air Mixture given
At end of administration lasting 50 seconds 
Blood Pressure « 118 m.m. Eg.
Ventricular Amplitude 8 m.m.
50 Seconds after cessation of administration 
Blood Pressure - 150 Hg,
Ventricular Amplitude 6 m.m.
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Protocol IV. Deeply under.
Blood P r e s s u r e  -  45 m.m. Hg.
V e n t r i c u l a r  Amplitude - 10 m.m.
4 L i t r e s  o f  20^ COg -  A ir  M ixture  g i v e n .
At end o f  a d m i n i s t r a t i o n  l a s t i n g  50 s e c o n d s .
B lood P r e s s u r e  •  27 m.m. Hg.
V e n t r i c u l a r  Am plitude -  10 m.m.
50 Seconds a f t e r  c e s s a t i o n  o f  a d m i n i s t r a t i o n .
B lood  P r e s s u r e  -  33 m.m. Hg.
V e n t r i c u l a r  Amplitude  -  10 m.m.
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I n  a  p a p e r  p u b l i s h e d  i n  t h e  Proceedings o f  t h i s  S o c i e t y  i n  1 9 0 8 ,  D .  N o ë l  
P a t o n  ( 1 )  s h o w e d  t h a t  c h l o r o f o r m  a c t s  v e r y  d i f f e r e n t l y  u p o n  t h e  m e t a b o l i s m  
w h e n  a d m i n i s t e r e d  b y  d i f f e r e n t  c h a n n e l s  : t h a t ,  w h e n  g i v e n  b y  t h e  r e s p i r a ­
t o r y  t r a c t ,  i t s  e f f e c t  g e n e r a l l y  i s  s i m p l y  t o  i n c r e a s e  t h e  p r o t e i n  m e t a b o l i s m ,  
b u t  t h a t  w h e n  g i v e n  b y  t h e  m o u t h ,  i t  p r o d u c e s  a  m a r k e d  d i s t u r b a n c e  i n  t h e  
d i s t r i b u t i o n  o f  t h e  u r i n a r y  n i t r o g e n ,  w h i c h  h e  c o n s i d e r s  t o  b e  d u e  t o  t h e  
c h l o r o f o r m  a c t i n g  a s  a n  h e p a t i c  p o i s o n .  T h e  a c t i o n  o f  t h e  d r u g  w h e n  
a d m i n i s t e r e d  h y p o d e r m i c a l l y  w a s  f o u n d  t o  b e  i n  t h e  s a m e  d i r e c t i o n  a s  w h e n  
g i v e n  b y  t h e  m o u t h .  M i s s  L i n d s a y  i n  c o n j u n c t i o n  w i t h  D .  N o ë l  P a t o n  ( 2 )  
s h o w e d  t h a t  t h e  r a t e  o f  e l i m i n a t i o n  v a r i e s  w i t h  t h e  m o d e  o f  a d m i n i s t r a t i o n ,  
b e i n g  m o s t  r a p i d  w h e n  g i v e n  b y  t h e  r e s p i r a t o r y  p a s s a g e s ,  a n d  s l o w e s t  w h e n  
g i v e n  b y  t h e  m o u t h .  I t  w a s  f u r t h e r  s h o w n  t h a t  t h e  c h l o r o f o r m  i s  f i x e d  i n  
t h e  l i v e r  t o  a  g r e a t e r  e x t e n t  w h e n  g i v e n  b y  t h e  m o u t h  t h a n  w h e n  g i v e n  b y  
t h e  r e s p i r a t o r y  p a s s a g e s .  T h e y  a l s o ,  i n  c o n f i r m a t i o n  o f  t h e  w o r k  o f  o t h e r s ,  
r e c o r d e d  t h e  a p p e a r a n c e  o f  a l b u m i n  a n d  o f  c e l l u l a r  d e b r i s  a n d  t u b e  c a s t s  
i n  t h e  u r i n e ,  e s p e c i a l l y  a f t e r  a d m i n i s t r a t i o n  b y  t h e  m o u t h  o r  h y p o d e r m i c a l l y .
I t  t h e r e f o r e  s e e m e d  d e s i r a b l e  t o  s t u d y  h o w  f a r  t h e  a c t i o n  o f  c h l o r o f o r m  
u p o n  t h e  t i s s u e s  v a r i e s  w i t h  t h e  m o d e  o f  a d m i n i s t r a t i o n .
P r e v io u s  I n v e s t ig a t io n s .
A l r e a d y  a  v e r y  l a r g e  a m o u n t  o f  w o r k  u p o n  t h e  a c t i o n  o f  c h l o r o f o r m  
u p o n  t h e  t i s s u e s  h a s  b e e n  r e c o r d e d .  A n  e x c e l l e n t  r é s u m é  o f  t h e  l i t e r a t u r e  
i s  g i v e n  b y  S t i l e s  a n d  M c D o n a l d  ( 3 )  i n  t h e i r  p a p e r  o n  d e l a y e d  c h l o r o f o r m  
p o i s o n i n g ,  a n d  o n l y  a  g e n e r a l  s t a t e m e n t  o f  t h e  r e s u l t s  o f  p r e v i o u s  i n v e s t i g a ­
t i o n s  i s  n e c e s s a r y .
I t  a p p e a r s  t o  b e  g e n e r a l l y  r e c o g n i s e d  t h a t  a d m i n i s t r a t i o n  o f  c h l o r o f o r m  
i s  o f t e n  f o l l o w e d  b y  d e g e n e r a t i v e  c h a n g e s  i n  v a r i o u s  t i s s u e s ,  a n d  t h e  
m a j o r i t y  o f  w r i t e r s  c o n s i d e r  t h e  c h a n g e  t o  b e  o f  t h e  n a t u r e  o f  a  f a t t y  
d e g e n e r a t i o n .  A c c o r d i n g  t o  s o m e ,  d r o p l e t s  o f  o i l  a r e  t o  b e  s e e n  i n  t h e  
b l o o d - v e s s e l s .
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F r a e n k e l  ( 4 ) ,  M a r t h e n  ( 5 ) ,  a n d  C o h n  ( 6 )  f u r t h e r  d e s c r i b e  t h e  a p p e a r a n c e  
o f  a  y e l l o w  p i g m e n t  i n  t h e  k i d n e y s  a n d  l i v e r  o f  p a t i e n t s  w h o  d i e d  a p p a r e n t l y  
a s  a  c o n s e q u e n c e  o f  h a v i n g  b e e n  a n æ s t h e t i s e d  w i t h  c h l o r o f o r m  a d m i n i s t e r e d  
t h r o u g h  t h e  r e s p i r a t o r y  p a s s a g e s .
T h e r e  i s  c o n s i d e r a b l e  d i f f e r e n c e  o f  o p i n i o n  a s  t o  t h e  c a u s e  o f  t h e  
d e g e n e r a t i v e  c h a n g e ;  s o m e  a u t h o r s  ( J u n k e r s  ( 7 )  a n d  S t r a s s m a n n  ( 8 ) )  c o n ­
s i d e r i n g  t h a t  i t  i s  d u e  t o  t h e  t o x i c  a c t i o n  o f  t h e  d r u g  o n  t h e  c e l l s  t h e m ­
s e l v e s ,  o t h e r s  t o  a  p r i m a r y  d e s t r u c t i v e  a c t i o n  o n  t h e  r e d  c o r p u s c l e s .  
( N o t h n a g e l  ( 9 )  a n d  O s t e r t a ^  ( 1 0 )  ) .
I n  t h e  p a p e r  r e f e r r e d  t o  a b o v e ,  S t i l e s  a n d  M ' D o n a l d  d e s c r i b e  i n  d e t a i l  
t h e  p o s t - m o r t e m  a p p e a r a n c e  o f  t i s s u e s  r e m o v e d  f r o m  a  c h i l d  w h o  d i e d  f o u r  
d a y s  a f t e r  a n  o p e r a t i o n  u n d e r  c h l o r o f o r m  a n æ s t h e s i a .
T h e  c h a n g e s  c o n s i s t e d  i n  e x t e n s i v e  d e g e n e r a t i o n  o f  l i v e r  a n d  k i d n e y  
t i s s u e .  I n  t h e  c a s e  o f  t h e  l i v e r ,  t h e  c e l l s  t h r o u g h o u t  t h e  o r g a n  w e r e  
m a r k e d l y  c h a n g e d  a n d  v a c u o l a t e d ,  b u t  t h e  m o s t  c o m p l e t e  d e g e n e r a t i o n  
a p p e a r e d  t o  h a v e  t a k e n  p l a c e  i n  t h e  c e n t r e  o f  t h e  l o b u l e s .  T h e  c e l l s  c o n t a i n e d  
d r o p l e t s  o f  o i l ,  w h i c h  w e r e  c l e a r l y  d e m o n s t r a t e d  b y  s t a i n i n g  w i t h  S u d a n  i i i .  
D r o p l e t s  o f  o i l  w e r e  a l s o  f o u n d  i n  t h e  h e p a t i c  v e i n s .  T h e  k i d n e y  s h o w e d  
i n t e n s e  f a t t y  d e g e n e r a t i o n ,  w h i c h  w a s  a l m o s t  u n i v e r s a l  t h r o u g h o u t  t h e  
o r g a n .
S t i l e s  a n d  M ' D o n a l d  t h e n  m a d e  a  s e r i e s  o f  o b s e r v a t i o n s  u p o n  r a b b i t s ,  
a n d  t o  o b t a i n  a  f u l l  a c t i o n  o f  t h e  d r u g  u p o n  t h e  t i s s u e s  t h e  c h l o r o f o r m  w a s  
i n j e c t e d  s u b c u t a n e o u s l y .  *
H e r e  a g a i n  t h e y  f o u n d  m a r k e d  f a t t y  c h a n g e s  i n  t h e  l i v e r  c e l l s ,  m o s t  
m a r k e d  i n  t h e  c e n t r a l  a n d  i n t e r m e d i a t e  z o n e s  o f  t h e  l o b u l e s .  T h e  c e l l s  
w e r e  s e e n  t o  b e  o c c u p i e d  b y  n u m e r o u s  m i n u t e  d r o p l e t s  w h i c h  s h o w e d  n o  
t e n d e n c y  t o  c o a l e s c e ,  a n d  m a n y  i n  t h e  c e n t r e  o f  t h e  l o b u l e s  w e r e  c o m p l e t e l y  
d i s o r g a n i s e d .
I n  t h e  k i d n e y s  t h e  c h a n g e s  w e r e  l e s s  m a r k e d ,  a n d  v a r i e d  f r o m  c l o u d y  
s w e l l i n g  i n  t h e  c e l l s  o f  t h e  c o n v o l u t e d  t u b u l e s  a n d  a s c e n d i n g  l o o p s  o f  H e n l e  
t o  w e l l - m a r k e d  f a t t y  c h a n g e  i n  t h e s e  t u b u l e s  a n d  t h e  c o l l e c t i n g  t u b u l e s .  
N o  f a t  w a s  o b s e r v e d  i n  t h e  v e s s e l s ,  a n d  i t  w a s  n o t e d  t h a t  t h e  g l o m e r u l i  
s h o w e d  n o  c h a n g e .  T h e  a u t h o r s  t h e n  e x a m i n e d  s i m i l a r  t i s s u e s  o b t a i n e d  
f r o m  a n i m a l s  w h i c h  h a d  i n h a l e d  c h l o r o f o r m  v a p o u r  f o r  v a r y i n g  t i m e s .  
T h e y  f o u n d  t h e  c h a n g e s  t o  b e  s i m i l a r  t o  t h o s e  o b s e r v e d  a f t e r  i n j e c t i o n  o f  
t h e  d r u g ,  b u t  s o m e w h a t  l e s s  m a r k e d .
D o y o n  ( 1 3 )  a l s o  d e s c r i b e s  t h e  h i s t o l o g i c a l  c h a n g e s  i n  t h e  l i v e r  a f t e r  
c h l o r o f o r m  h a d  b e e n  a d m i n i s t e r e d  e x p e r i m e n t a l l y  b y  t h e  m o u t h  a n d  
h y p o d e r m i c a l l y .  I n  b o t h  i n s t a n c e s  h e  f o u n d  n e c r o s i s  o f  t h e  l i v e r  c e l l s .
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P r e s e n t  I n v e s t ig a t io n .
I n  c a r r y i n g  o u t  t h i s  r e s e a r c h  t h e  t i s s u e s  u s e d  w e r e  f o r  t h e  m o s t  p a r t  
t h o s e  o b t a i n e d  f r o m  t h e  r a b b i t s  r e f e r r e d  t o  i n  t h e  p a p e r s  b y  D .  N o ë l  P a t o n  
a n d  M i s s  L i n d s a y .
A .  C h a n g e s  in  V i t r o .
B e f o r e  c o n s i d e r i n g  t h e  c h a n g e s  w h i c h  o c c u r r e d  i n  t h e  b o d y ,  i t  w a s  
t h o u g h t  a d v i s a b l e  t o  f i n d  w h a t  w a s  t h e  e f f e c t  o f  c h l o r o f o r m  u p o n  t h e  
t i s s u e s  w h e n  i t  a c t e d  u p o n  t h e m  i n  s a l i i i e  s o l u t i o n s  k e p t  a t  t h e  b o d y  t e m ­
p e r a t u r e .  T h i s  s u b j e c t  w a s  t o u c h e d  u p o n  b y  D .  N o ë l  P a t o n  i n  1 8 9 4  ( 1 1 ) .
I n  t h e  f i r s t  i n s t a n c e ,  0  7 5  p e r  c e n t ,  s o d i u m  c h l o r i d e  s o l u t i o n  w a s  u s e d ,  a n d  
a  s m a l l  q u a n t i t y  o f  p u r e  c h l o r o f o r m  w a s  i n t r o d u c e d  i n t o  a  b o t t l e  f i l l e d  w i t h  
t h e  s a l i n e ,  a n d  s h a k e n  u p  w i t h  i t  t h o r o u g h l y  f o r  a b o u t  f i v e  m i n u t e s .  T h e  
s o l u t i o n  w a s  t h e n  s e t  a s i d e  f o r  s o m e  t i m e ,  a n d  t h e  s u p e r n a t a n t  f l u i d  d e c a n t e d  
o f f .  T h e  t i s s u e  w a s  r e m o v e d  f r o m  a  n e w l y  k i l l e d  h e a l t h y  a n i m a l ,  a n d  
h a v i n g  b e e n  d i v i d e d  i n t o  p o r t i o n s  o f  a b o u t  1 X 1 X  c .m . ,  t h e s e  w e r e  
i m m e r s e d  f o r  v a r y i n g  t i m e s  i n  t h e  s o l u t i o n .  A s  c o n t r o l s ,  p o r t i o n s  o f  t h e  
t i s s u e  w e r e  f i x e d  i m m e d i a t e l y  i n  1 0  p e r  c e n t ,  f o r m o l - s a l i n e  s o l u t i o n ,  a n d  
o t h e r  f r a g m e n t s  o f  s i m i l a r  s i z e  p l a c e d  i n  a  0  7 5  p e r  c e n t ,  s o d i u m  c h l o r i d e  
s o l u t i o n ,  a n d  l e f t  f o r  t i m e s  s i m i l a r  t o  t h o s e  d u r i n g  w h i c h  t h e  c h l o r o f o r m  
s a l i n e  a c t e d .  T h e  t i s s u e s  w e r e  k e p t  i n  a n  i n c u b a t o r  a t  t h e  c o n s t a n t  
t e m p e r a t u r e  o f  3 5 °  C . f o r  p e r i o d s  o f  |  h o u r ,   ^ h o u r ,  1  h o u r ,  1.1 h o u r ,  e t c . ,  t o  
2 4  h o u r s .  A s  t h e  t i m e  e l a p s e d ,  t h e  t i s s u e  w a s  r e m o v e d  f r o m  t h e  i n c u b a t o r  
a n d  i m m e d i a t e l y  i m m e r s e d  i n  a  1 0  p e r  c e n t ,  f o r m o l - s a l i n e  s o l u t i o n .  A f t e r  
f i x a t i o n  a n d  h a r d e n i n g ,  t h e  f r a g m e n t s  w e r e  c u t  i n  p a r a f f i n ,  s t a i n e d  w i t h  
h æ m a l u m  a n d  e o s i n ,  a n d  e x a m i n e d .  T h e  t i s s u e s  w e r e  a l s o  s t a i n e d  b y  
o s m i c  a c i d ,  S c h a r l a c h  r o t ,  a n d  S u d a n  i i i .  f o r  f a t .
I t  w a s  f o u n d  t h a t  e v e n  t h e  f r e s h  t i s s u e  f i x e d  i n  f o r m o l - s a l i n e  c o n t a i n i n g  
0  7 5  p e r  c e n t ,  o f  s o d i u m  c h l o r i d e  i m m e d i a t e l y  a f t e r  d e a t h  s h o w s  a  s l i g h t  
v a r i a t i o n  f r o m  t h e  n o r m a l .  T h e  c e l l s  l o o k  s w o l l e n ,  a n d  t h e i r  b o r d e r s  a r e  
n o t  s h a r p .  I t  s e e m e d  p r o b a b l e ,  t h e r e f o r e ,  t h a t  t h e  s a l i n e  s o l u t i o n  u s e d  
w a s  n o t  i s o t o n i c  w i t h  t h e  t i s s u e  i m m e r s e d  i n  i t .  T h e  s o l u t i o n  s u g g e s t e d  
b y  C a s t a i g n e  a n d  R a t h e r y  ( 1 2 )  ( A  =  0 ' 7 8 ) ,  a p p r o x i m a t e l y  1 3  p e r  c e n t ,  o f  
s o d i u m  c h l o r i d e ,  w a s  t h e n  t r i e d .
Kidney .— I n  t h i s  s o l u t i o n  t h e  k i d n e y  r e t a i n s  a  n o r m a l  a p p e a r a n c e  f o r  a  
c o n s i d e r a b l e  l e n g t h  o f  t i m e ,  a n d  e v e n  a f t e r  t w o  h o u r s ’ i m m e r s i o n  a t  a  
t e m p e r a t u r e  o f  3 5 °  C .  t h e r e  i s  b u t  l i t t l e  c h a n g e  i n  t h e  a p p e a r a n c e  o f  t h e  
c e l l s .  I n  t h e  l a t e r  e x p e r i m e n t s  t h e  c h l o r o f o r m  w a s  a d d e d  t o  t h i s  s o l u t i o n .
I t  w a s  f o u n d  t h a t  n e c r o b i o t i c  c h a n g e s  s e t  i n  a t  o n c e  i n  t h e  t i s s u e  i n
1908-9.] Changes in Liver and Kidney after Chloroform. 421
c l i l o r o f o r m ,  b u t  t h a t  t h e y  d o  n o t  a p p e a r  i n  t h e  c o n t r o l  t i s s u e  f o r  s o m e  t i m e .  
A f t e r  f i v e  h o u r s  t h e  c h a n g e  i n  t h e  c o n t r o l  t i s s u e  i s  q u i t e  a s  g r e a t  a s  i n  t h e  
c h l o r o f o r m  t i s s u e ,  a n d  f r o m  t h a t  t i m e  o n w a r d s  t h e  g r e a t e s t  c h a n g e s  a r e  
p r e s e n t  i n  t h e  c o n t r o l  t i s s u e .  T h i s  i s  d u e  t o  t h e  a c t i o n  o f  m i c r o - o r g a n i s m s .
I n  t h e  k i d n e y  t h e  f i r s t  c h a n g e  w h i c h  w a s  o b s e r v e d  w a s  t h a t  t h e  c e l l s  o f  
t h e  c o n v o l u t e d  t u b u l e s  s e e m  t o  l o s e  t h e i r  d e f i n i t e n e s s  o f  o u t l i n e  a n d  t h e  
p r o t o p l a s m  t a k e s  o n  a n  a p p e a r a n c e  l i k e  c l o u d y  s w e l l i n g .  T h e  c e l l s  a p p e a r  
t o  b e  m a r k e d l y  g r a n u l a r ,  a n d  t h e i r  f r e e  m a r g i n s  r a p i d l y  t a k e  o n  a  f r i n g e d ,  
a p p e a r a n c e .  T h i s  i s  f o l l o w e d  b y  a  g r a d u a l  l o s s  o f  p o w e r  o f  t a k i n g  o n  b a s i c  
s t a i n s  o n  t h e  p a r t  o f  t h e  n u c l e u s .
T h e  d e g e n e r a t i v e  c h a n g e s  o b s e r v e d  i n  t h e  t u b u l e s ,  b e g i n n i n g  i n  a  c l o u d y  
s w e l l i n g ,  b e c o m e  m o r e  m a r k e d  a s  t i m e  p r o g r e s s e s ,  u n t i l  e v e n t u a l l y  i t  w a s  
d i f f i c u l t  t o  m a k e  o u t  t h e  d e t a i l s  o f  s t r u c t u r e  o f  t h e  o r g a n .  T h e  t u b u l e s  
b e c o m e  f i l l e d  w i t h  g i a n u l a r  d e b r i s ,  a n d  l i t t l e  i s  l e f t  b e y o n d  t h e  b a s e m e n t  
m e m b r a n e  m a p p i n g  o u t  t h e  p o s i t i o n  w h i c h  t h e  t u b u l e s  h a v e  o c c u p i e d .
T h e  g l o m e r u l a r  t u f t  i s  u n a f f e c t e d  i n  t h e  e a r l i e r  s t a g e s  ; a n d ,  i n  f a c t ,  i t  i s  
n o t  u n t i l  a f t e r  t h e  t i s s u e  h a s  b e e n  i m m e r s e d  i n  c h l o r o f o r m - s a l i n e  s o l u t i o n  
f o r  t h r e e  h o u r s  t h a t  t h e  f i r s t  m a r k e d  c h a n g e  a p p e a r s .  T h i s  c h a n g e  c o n s i s t s  
o f  a  s l i g h t  s h r i n k i n g  o f  t h e  g l o m e r u l a r  t u f t  a w a y  f r o m  t h e  c a p s u l e  o f  
B o w m a n .  I n  t h e  e a r l i e r  s t a g e s  t h i s  s h r i n k a g e  i s  s l i g h t ,  a n d  l e a v e s  a  
g r a d u a l l y  i n c r e a s i n g  s p a c e  b e t w e e n  t h e  t u f t  a n d  t h e  c a p s u l e ,  w h i c h  a f t e r  
l o n g e r  i m m e r s i o n  i s  f o u n d  t o  b e  o c c u p i e d  b y  a n  e x u d a t e  s t a i n i n g  d e e p l y  
w i t h  h æ m a l u m .  T h e  s a m e  s h r i n k i n g  a n d  e x u d a t i o n  a p p e a r s  i n  t h e  
g l o m e r u l i  o f  t h e  s p e c i m e n s  i m m e r s e d  i n  s a l i n e  s o l u t i o n ,  b u t  s o m e  h o u r s  
l a t e r .  T h i s  c o n f i r m s  in  vitro  t h e  o b s e r v a t i o n s  o f  M a r t h e n  ( 5 )  a n d  S t i l e s  
a n d  M ' D o n a l d  ( 3 ) .
Liver.— I n  t h e  c a s e  o f  t h e  l i v e r  t h e  i n f l u e n c e  o f  t h e  c h l o r o f o r m  i s  w e l l  
s h o w n ,  f o r  a t  a n  e a r l y  s t a g e  t h e  n o r m a l l y  w e l l - d e f i n e d  n u c l e a t e d  l i v e r  c e l l s  
l o s e  t h e i r  c l e a r n e s s  o f  o u t l i n e .  T h e  f i n e l y  g r a n u l a r  p r o t o p l a s m  b e c o m e s  
c o a r s e l y  g r a n u l a r ,  a n d  l a t e r  b e c o m e s  b r o k e n  u p  a n d  v a c u o l a t e d .  T h e  n u c l e i  
s o o n  l o s e  t h e i r  p o w e r  o f  t a k i n g  o n  b a s i c  s t a i n s ,  a n d  i n  c o u r s e  o f  t i m e  t h e  
c e l l s  b e c o m e  s o  f a r  d i s i n t e g r a t e d  t h a t  b u t  l i t t l e  s i g n  o f  t h e i r  n o r m a l  s t r u c ­
t u r e  p e r s i s t s .  A f t e r  m a n y  h o u r s  t h e  s e c t i o n s  s h o w  m e r e l y  g r a n u l a r  d e b r i s .  
T h e  s a m e  c h a n g e s  t a k e  p l a c e  i n  t h e  t i s s u e  i m m e r s e d  i n  s a l i n e  ; b u t ,  a s  i n  t h e  
c a s e  o f  t h e  k i d n e y ,  t h i s  a p p e a r s  a f t e r  a  m u c h  l o n g e r  i m m e r s i o n .
C o m p a r i n g  t h e  w h o l e  s e r i e s  o f  s p e c i m e n s  w h i c h  w e r e  e x a m i n e d  i n  t h e s e  
e x p e r i m e n t s  i t  m a y  b e  b r o a d l y  s t a t e d  t h a t  in  vitro  t h e  t i s s u e s  i m m e r s e d  i n  
c h l o r o f o r m - s a l i n e  s o l u t i o n  s h o w  n e c r o b i o t i c  c h a n g e s  a t  a  v e r y  m u c h  e a r l i e r  
s t a g e  t h a n  d o  s i m i l a r  t i s s u e s  i m m e r s e d  i n  a  s i m i l a r  a m o u n t  o f  a  p u r e  s a l i n e  
s o l u t i o n  o f  t h e  s a m e  c o n c e n t r a t i o n .
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B .  C h a n g e s  in  t h e  L i v in g  A n im a l .
I n  c o n s i d e r i n g  t h e  i n f l u e n c e  o f  t h e  d r u g  u p o n  t h e  t i s s u e s  in  vivo, t w o  
d i f f e r e n t  f a c t o r s  h a v e  t o  b e  d e a l t  w i t h — t h e  m e t h o d  o f  a d m i n i s t r a t i o n  a n d  
t h e  d u r a t i o n  o f  t h e  a c t i o n  o f  t h e  d r u g .
A d m in is t r a t io n  b y  t h e  R e s p ir a t o r y  T r a c t .
I n  t h e  t i s s u e s  t a k e n  f r o m  a n i m a l s  w h i c h  h a d  c h l o r o f o r m  a d m i n i s t e r e d  
t h r o u g h  t h e  l u n g s  t h e  a m o u n t  o f  c h a n g e  i n  t h e  l i v e r  a n d  k i d n e y  w a s  
o n  t h e  w h o l e  b u t  s m a l l .  I n  s o m e  c a s e s ,  n o t a b l y  t h o s e  e x a m i n e d  s o m e  
t i m e  a f t e r  a n æ s t h e s i a ,  n o  v a r i a t i o n  f r o m  t h e  n o r m a l  w a s  o b s e r v a b l e .  
T h e  g r e a t e s t  c h a n g e  w a s  i n  t h e  o r g a n s  r e m o v e d  f r o m  a  r a b b i t  w h i c h  d i e d  
i m m e d i a t e l y  a f t e r  t h e  a d m i n i s t r a t i o n .  H e r e  t h e  c e l l s  l i n i n g  t h e  a s c e n d i n g  
a n d  d e s c e n d i n g  t u b u l e s  o f  H e n l e  a n d  t h e  c o n v o l u t e d  t u b u l e s  o f  t h e  k i d n e y  
s h o w e d  m a r k e d  d e g e n e r a t i v e  c h a n g e s .  T h e  l i v e r  w a s  m u c h  l e s s  a f f e c t e d ,  t h e  
c e l l s  b e i n g  i n  a n  e a r l y  s t a g e  o f  a l b u m i n o u s  d e g e n e r a t i o n .  I t  i s  n o t a b l e  t h a t  
a t  t h e  t i m e  t h e  a n i m a l  d i e d  t h e  b l o o d  c o n t a i n e d  a s  m u c h  a s  7 7 ' 3  m g .  o f  
c h l o r o f o r m  p e r  1 0 0  c .c .  o f  b l o o d ,  a n d  t h a t  r e s p i r a t i o n  h a d  s t o p p e d  d u r i n g  
t h e  a d m i n i s t r a t i o n  o f  t h e  d r u g .  T h e  s p e c i m e n s  s h o w i n g  t h e  n e x t  g r e a t e s t  
c h a n g e  w e r e  t h o s e  o b t a i n e d  f r o m  a n  e x p e r i m e n t  w h e r e  a  s m a l l - s i z e d  r a b b i t  
w a s  a n æ s t h e t i s e d  f o r  a  s h o r t  t i m e  a n d  k i l l e d  s o o n  a f t e r .  T h e  b l o o d  w a s  
f o u n d  t o  c o n t a i n  308  m g .  c h l o r o f o r m  p e r  1 0 0  c .c .  T h e  s e c t i o n s  o f  b o t h  
k i d n e y  a n d  l i v e r  s h o w e d  e x t e n s i v e  d e g e n e r a t i o n .
A d m in is t r a t io n  b y  t h e  S t o m a c h .
W h e n  c h l o r o f o r m  w a s  a d m i n i s t e r e d  i n  o i l  b y  t h e  s t o m a c h  t h e  m o r t a l i t y  
w a s  v e r y  g r e a t ,  a n d  i n  t h o s e  a n i m a l s  t h a t  s u r v i v e d  t h e  a d m i n i s t r a t i o n  
e x t e n s i v e  c h a n g e s  i n  t h e  o r g a n s  w e r e  f o u n d .  T h e  k i d n e y  t i s s u e  h a d  u n d e r ­
g o n e  m a r k e d  d e g e n e r a t i o n ,  a n d  i n  m a n y  c a s e s  t h i s  h a d  g o n e  a s  f a r  a s  a c t u a l  
n e c r o s i s .  T h e  t u b u l e s  w e r e  f r e q u e n t l y  f o u n d  t o  b e  c h o k e d  w i t h  a l b u m i n o u s  
d e b r i s .  I n  m a n y  i n s t a n c e s  g r a n u l e s  w h i c h  s t a i n  b r i g h t  r e d  w i t h  S c h a r l a c h  
r o t  w e r e  o b s e r v e d  i n  t h e  c e l l s  a n d  i n  t h e  d e b r i s .  T h e  n u c l e i  s h o w e d  a , 
v a r y i n g  d e g r e e  o f  a f f i n i t y  f o r  t h e  b a s i c  s t a i n ,  l o s i n g  t h e  p o w e r  t o  t a k e  o n  
t h e  s t a i n  a s  d e g e n e r a t i o n  a d v a n c e s .  T h e  g l o m e r u l i  w e r e  i n  n o  i n s t a n c e  i n  
a n  a d v a n c e d  s t a g e  o f  d e g e n e r a t i o n ,  s i g n s  o f  c o n g e s t i o n  a l o n e  b e i n g  p r e s e n t .  
T h i s  o b s e r v a t i o n  i s  i n  a c c o r d a n c e  w i t h  t h e  r e s u l t s  o b t a i n e d  b y  t h e  e x p e r i ­
m e n t s  in  vitro.
T h e  d e g r e e  o f  c h a n g e  i n  t h e  k i d n e y  v a r i e s  g r e a t l y  w i t h  t h e  l e n g t h  o f  
t i m e  a f t e r  t h e  c h l o r o f o r m  i s  a d m i n i s t e r e d .  I n  c a s e s  w h e r e  t h e  a n i m a l  w a s
1908-9.] Changes in Liver and Kidney after Chloroform. 423
k i l l e d  w i t h i n  a  f e w  h o u r s  o f  t h i s  a d m i n i s t r a t i o n ,  d e g e n e r a t i o n  ^ h a d  n o t  
a d v a n c e d  v e r y  f a r .  T h r e e  h o u r s  a f t e r  t h e  d r u g  h a d  b e e n  g i v e n  t h e  c e l l s  
s h o w e d  a  c o n s i d e r a b l e  d e g r e e  o f  c l o u d y  s w e l l i n g ,  a n d  h e r e  a n d  t h e r e  t h e r e  
w e r e  s i g n s  o f  d e s q u a m a t i o n  i n  t h e  a s c e n d i n g  a n d  d e s c e n d i n g  t u b u l e s  o f  
H e n l e .
I n  a  s p e c i m e n  t a k e n  a t  5 |  h o u r s  t h e  d e g e n e r a t i o n  h a d  a d v a n c e d  g r e a t l y ,  
a n d  t h e  t u b u l e s  c o n t a i n e d  a  g r e a t  d e a l  o f  a l b u m i n o u s  m a t e r i a l .  T h e  c e l l s  
w e r e  f r e q u e n t l y  f o u n d  t o  b e  v a c u o l a t e d ,  a n d  t h e  n u c l e i  h a d  t a k e n  o n  t h e  
h æ m a l u m  s t a i n  b a d l y .  W h e n  t h e  a n i m a l  r e c o v e r e d ,  t h e  k i d n e y  t i s s u e s  
a p p a r e n t l y  b e g a n  t o  r e p a i r  a f t e r  a r r i v i n g  a t  t h i s  p o i n t  o f  d e g e n e r a t i o n .  I n  
s p e c i m e n s  t a k e n  f r o m  a n i m a l s  w h i c h  w e r e  k i l l e d  t w o  o r  t h r e e  d a y s  l a t e r ,  
a p p a r e n t l y  r e c o v e r i n g  f r o m  t h e  e f f e c t s  o f  t h e  d r u g ,  t h e  c h a n g e s  w e r e  n e v e r  
f o u n d  t o  b e  m o r e  m a r k e d  t h a n  t h o s e  d e s c r i b e d .  O n  t h e  o t h e r  h a n d ,  w h e n  
t h e  a n i m a l  d i e d  o v e r n i g h t  a f t e r  t h e  a d m i n i s t r a t i o n  o r  w a s  k i l l e d  w h e n  
o b v i o u s l y  d y i n g ,  t h e  k i d n e y  w a s  f o u n d  t o  b e  r a p i d l y  l o s i n g  a l l  s i g n s  o f  i t s  
o r i g i n a l  s t r u c t u r e ;  t h e  c e l l s  l i n i n g  t h e  t u b u l e s  w e r e  f r e q u e n t l y  l o s t  a l t o ­
g e t h e r ,  n o t h i n g  b e i n g  l e f t  b u t  t h e  b a s e m e n t  m e m b r a n e .  W h e r e  t h e  c e l l s  
w e r e  s t i l l  a p p a r e n t ,  t h e  n u c l e i  w e r e  s t a i n e d  b a d l y  a n d  t h e  t u b u l e s  w e r e  
c h o k e d  w i t h  d e b r i s .
H e r e  a n d  t h e r e  t h r o u g h o u t  t h e  o r g a n ,  p a r t i c u l a r l y  i n  o n e  o r  t w o  
s p e c i m e n s ,  m a s s e s  o f  b l o o d  w e r e  o b s e r v e d ,  a p p a r e n t l y  b e t w e e n  t h e  t u b u l e s  
a n d  n o t  i n  t h e  v e s s e l s  ( f i g s .  1  a n d  2 ) .  W h e r e  t h i s  w a s  o b s e r v e d ,  t h e  
c e l l s  l i n i n g  t h e  t u b u l e s  a d j a c e n t  t o  t h e  b l o o d  w e r e  f r e q u e n t l y  f o u n d  t o  
c o n t a i n  s m a l l  d a r k - c o l o u r e d  g r a n u l e s  s i m i l a r  t o  t h o s e  d e s c r i b e d  b y  
F r a e n k e l  ( 4 ) ,  M a r t h e n  ( 5 ) ,  a n d  C o h n  ( 6 ) .  T h e s e  w e r e  n o t  o b s e r v e d  i n  
a n y  o t h e r  p o s i t i o n  i n  t h e  k i d n e y .
I n  t h e  l i v e r  t h e  d e g r e e  o f  c h a n g e  w a s  a l s o  f o u n d  t o  v a r y  w i t h  t h e  
l e n g t h  o f  t i m e  a f t e r  t h e  a d m i n i s t r a t i o n  o f  t h e  d r u g ,  a n d  a l s o  w i t h  t h e  
p r o g r e s s  t o w a r d s  r e c o v e r y  o f  t h e  a n i m a l .
E x a m i n e d  t h r e e  h o u r s  a f t e r  a d m i n i s t r a t i o n ,  t h e  c e l l s  a t  t h e  p e r i p h e r y  
o f  t h e  l o b u l e s  s h o w e d  b u t  l i t t l e  c h a n g e — a t  m o s t  a  s l i g h t  d e g r e e  o f  c l o u d y  
s w e l l i n g .  T h e  c e l l s  i n  t h e  c e n t r e  o f  t h e  l o b u l e ,  o n  t h e  o t h e r  h a n d ,  h a d  
u n d e r g o n e  a  g r a n u l a r  c h a n g e ,  a n d  t h e  n u c l e i  h a d  b e g u n  t o  l o s e  t h e i r  p o w e r  
o f  t a k i n g  o n  t h e  s t a i n .
A f t e r  f i v e  h o u r s  t h i s  w a s  s t i l l  m o r e  m a r k e d  ; a n d  a n  h o u r  a n d  a  h a l f  
l a t e r  s o m e  o f  t h e  c e l l s  i n  t h e  c e n t r e  o f  t h e  l o b u l e  h a d  c o m p l e t e l y  b r o k e n  
d o w n ,  l e a v i n g  g r a n u l a r  d e b r i s  i n  p l a c e  o f  t h e  c e l l s .
W h e n  t h e  a n i m a l  s h o w e d  e v i d e n c e  o f  r e c o v e r i n g  f r o m  t h e  e f f e c t s  o f  t h e  
d r u g ,  n o  f u r t h e r  c h a n g e  i n  a p p e a r a n c e  o f  t h e  t i s s u e s  w a s  o b s e r v e d .  W h e n  
t h e  a n i m a l  w a s  f o u n d  d e a d  i n  t h e  m o r n i n g  a f t e r  t h e  a d m i n i s t r a t i o n ,  o r
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s h o w e d  s i g n s  o f  d y i n g  a t  a n  e a r l y  d a t e  a n d  w a s  k i l l e d  i n  c o n s e q u e n c e ,  t h e  
d e g r e e  o f  c h a n g e  w a s  v e r y  m u c h  g r e a t e r .  T h e  c e n t r e  o f  e a c h  l o b u l e  w a s  
f o u n d  t o  b e  o c c u p i e d  b y  a  g r a n u l a r  m a s s  s h o w i n g  n e i t h e r  n u c l e i  n o r  a n y  
a p p e a r a n c e  o f  l i v e r  t i s s u e .  T h e  i n t e r m e d i a t e  z o n e  w a s  f r e q u e n t l y  a l s o  
a f f e c t e d ,  a n d  i n  t h e  w o r s t  c a s e s  n o  s i g n  o f  l i v e r  t i s s u e  w a s  s e e n  e x c e p t  a  
l a y e r  o f  t w o  o r  t h r e e  c e l l s  t h i c k  a t  t h e  p e r i p h e r y  o f  t h e  l o b u l e s  ( f i g .  3 ) .  
I n  t h e  g r a n u l a r  d e b r i s  a  n u m b e r  o f  g r a n u l e s  s t a i n i n g  r e d  w i t h  S c h a r l a c h  
r o t  w e r e  s e e n .
T h e  d e g e n e r a t i v e  c h a n g e  i n  t h e  l i v e r  i n  t h e  a n i m a l s  w h e r e  t h e  c h l o r o f o r m  
w a s  a d m i n i s t e r e d  b y  t h e  s t o m a c h  i s  g e n e r a l l y  v e r y  g r e a t  i n d e e d ,  a n d  i n  a l l  
c a s e s  a p p e a r s  m u c h  m o r e  c o m p l e t e  t h a n  t h e  c h a n g e  i n  t h e  k i d n e y .  T h i s  
i s  p o s s i b l y  d u e  t o  t h e  a c t i o n  o f  t h e  c h l o r o f o r m  “ a n c h o r i n g ” i t s e l f  t o  
t h e  l i v e r  c e l l s .
A d m in is t r a t io n  S u b c u t a n e o u s l y .
W h e n  c h l o r o f o r m  w a s  g i v e n  i n  t h e  f o r m  o f  a  s u b c u t a n e o u s  i n j e c t i o n ,  
t h e  m o r t a l i t y  a m o n g  t h e  a n i m a l s  w a s  v e r y  g r e a t ,  a n d  a  l a r g e  p r o p o r t i o n  
d i e d  d u r i n g  t h e  n i g h t  a f t e r  t h e  i n j e c t i o n .
O n  t h e  o t h e r  h a n d ,  t h e  a n i m a l s  t h a t  r e c o v e r e d  a p p e a r e d  t o  b e  q u i t e  
a c t i v e  a  d a y  o r  t w o  l a t e r .
H i s t o l o g i c a l l y ,  t h e  c h a n g e s  i n  t h e  o r g a n s  a r e  v e r y  s i m i l a r  t o  t h o s e  
d e t a i l e d  a b o v e ,  t h e  d i f f e r e n c e  b e i n g  o n e  o f  d e g r e e .
I n  t h e  k i d n e y ,  a f t e r  f o u r  h o u r s  v e r y  l i t t l e  d e g e n e r a t i o n  s e e m s  t o  o c c u r ,  
a  s l i g h t  d e g r e e  o f  c l o u d y  s w e l l i n g  b e i n g  a p p a r e n t .  A f t e r  f i v e  h o u r s ,  s o m e  
v a c u o l a t i o n  w a s  s e e n  i n  o n e  o f  t h e  s p e c i m e n s  e x a m i n e d .  I n  o n e  a n i m a l  
k i l l e d  s o m e  h o u r s  l a t e r ,  a n d  i n  a  d y i n g  c o n d i t i o n ,  t h e  k i d n e y  s h o w m d  a n  
a p p e a r a n c e  c o m p a r a b l e  w i t h  t h a t  o b s e r v e d  i n  s o m e  o f  t h e  w o r s t  c a s e s  a f t e r  
a d m i n i s t r a t i o n  b y  t h e  s t o m a c h .  T h e  a s c e n d i n g  a n d  d e s c e n d i n g  t u b u l e s ,  t h e  
c o n v o l u t e d  t u b u l e s ,  a n d  m o r e  m a r k e d l y  t h e  c o l l e c t i n g  t u b u l e s  s h o w e d  l i t t l e  
o r  n o  s i g n  o f  c e l l u l a r  l i n i n g .  T h e y  w e r e  c h o k e d  a n d  f r e q u e n t l y  d i s t e n d e d  
w i t h  a l b u m i n o u s  d e b r i s .  I n  a l l  t h e  c a s e s ,  h o w e v e r ,  t h e  g l o m e r u l i  r e t a i n e d  
a n  a p p e a r a n c e  a p p r o x i m a t i n g  t o  t h e  n o r m a l .
I n  t h e  a n i m a l s  w h i c h  d i e d ,  t h e  a p p e a r a n c e  o f  t h e  k i d n e y  w a s  s i m i l a r  t o  
t h o s e  j u s t  d e s c r i b e d .  P a r t s  s h o w e d  t u b u l e s  d e n u d e d  o f  t h e i r  e p i t h e l i u m ,  
a n d  o t h e r  p a r t s  s h o w e d  c e l l s  i n  a n  a d v a n c e d  s t a t e  o f  d e g e n e r a t i o n  ( f i g .  4 ) .  
G e n e r a l l y  t h e r e  w a s  e v i d e n c e  o f  c o n g e s t i o n  o f  t h e  o r g a n ,  a n d  o c c a s i o n a l l y  
d a r k  g r a n u l e s  w e r e  o b s e r v e d  s i m i l a r  t o  t h o s e  r e f e r r e d  t o  a b o v e .
I n  t h e  c a s e  o f  t h e  l i v e r  t h e r e  w a s  g e n e r a l l y  a  s l i g h t  n e c r o s i s  i n  t h e  
c e n t r e  o f  t h e  l o b u l e  e v e n  a  v e r y  f e w  h o u r s  a f t e r  t h e  a d m i n i s t r a t i o n ,  a n d  a s
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t i m e  a d v a n c e d  t h i s  i n c r e a s e d  i n  a m o u n t  ( f i g .  5 ) .  I n  t h e  w o r s t  c a s e s ,  w h e r e  
t h e  a n i m a l  w a s  f o u n d  d e a d  o r  w a s  k i l l e d  i n  a  d y i n g  c o n d i t i o n ,  t h e  s t a t e  o f  
t h e  o r g a n  w a s  l i k e  t h a t  d e s c r i b e d  u n d e r  a d m i n i s t r a t i o n  b y  t h e  s t o m a c h ,  
v i z . ,  t h e  o r g a n  w a s  a  h o n e y c o m b  o f  c h e e s y  m a t e r i a l  s h o w i n g  v e r y  l i t t l e  
s i g n  o f  t h e  o r i g i n a l  l i v e r  s t r u c t u r e .
S u m m a r y .
1 . W h e n  k i d n e y  o r  l i v e r  t i s s u e  i s  i m m e r s e d  i n  a  s a l i n e  s o l u t i o n  c o n t a i n ­
i n g  c h l o r o f o r m ,  d e g e n e r a t i v e  c h a n g e s  t a k e  p l a c e  s i m i l a r  t o  t h e  n o r m a l  
n e c r o b i o t i c  c h a n g e s  b u t  v e r y  m u c h  m o r e  r a p i d .  I n  t h e  c a s e  o f  t h e  k i d n e y  
t h e  g l o m e r u l i  a r e  n o t  a f f e c t e d  f o r  a  v e r y  c o n s i d e r a b l e  t i m e .
2 .  W h e n  c h l o r o f o r m  i s  a d m i n i s t e r e d  t h r o u g h  t h e  r e s p i r a t o r y  p a s s a g e s  a  
c o n s i d e r a b l e  d e g r e e  o f  d e g e n e r a t i o n  i s  o n l y  o c c a s i o n a l l y  f o u n d  i n  t h e  k i d n e y  
a n d  l i v e r  c e l l s .  I t  i s  m o r e  m a r k e d  i n  s o m e  c a s e s  t h a n  i n  o t h e r s  w h e r e  a  
s i m i l a r  a m o u n t  o f  c h l o r o f o r m  w a s  g i v e n  t o  a n i m a l s  o f  a  s i m i l a r  s i z e .  T h i s  
m a y  b e  a s s o c i a t e d  w i t h  t h e  v e r y  v a r y i n g  r a t e  a t  w h i c h  t h e  d r u g  i s  
e l i m i n a t e d ,  a s  s h o w n  b y  M i s s  L i n d s a y  {loc. cit.). T h e  d e g r e e  o f  c h a n g e  i n  
t h e  l i v e r  w a s  n e v e r  g r e a t .  I n  t h e  k i d n e y  t h e r e  i s  f r e q u e n t l y  c l o u d y  
s w e l l i n g ,  a n d  o c c a s i o n a l l y  d e s q u a m a t i o n  o f  t h e  e p i t h e l i u m  o f  t h e  a s c e n d i n g  
a n d  d e s c e n d i n g  t u b u l e s .
3 .  W h e r e  t h e  d r u g  i s  g i v e n  b y  t h e  s t o m a c h  t h e  m o r t a l i t y  i s  g r e a t  a n d  
t h e  c h a n g e s  o b s e r v e d  i n  t h e  o r g a n s  a r e  m a r k e d .  I n  a l l  c a s e s  t h e r e  i s  
e v i d e n c e  o f  t h e  t o x i c  a c t i o n  o f  t h e  d r u g .  I n  t h e  a n i m a l s  m o s t  a f f e c t e d ,  t h e  
s t r u c t u r e  o f  t h e  l i v e r  i s  a l m o s t  e n t i r e l y  l o s t ,  n o t h i n g  r e m a i n i n g  o f  t h e  
l o b u l e s  b u t  a  s h e l l  o f  l i v e r  c e l l s  e n c l o s i n g  a  c h e e s y  d e b r i s .
I n  t h e  k i d n e y  t h e  d r u g  a c t s  i n  a  s i m i l a r  w a y ,  t h e  d e g r e e  o f  d e g e n e r a t i o n  
b e i n g  s o m e w h a t  l e s s  t h a n  i n  t h e  l i v e r .
T h e  g l o m e r u l i  a r e  b u t  l i t t l e  a f f e c t e d  e v e n  i n  t h e  w o r s t  c a s e s .
4 .  W h e n  t h e  d r u g  i s  g i v e n  h y p o d e r m i c a l l y  t h e  c h a n g e s  a r e  s i m i l a r  t o  
t h o s e  o b s e r v e d  w h e n  t h e  d r u g  i s  g i v e n  b y  t h e  s t o m a c h .  T h e  l i v e r  i s  a g a i n  
m o r e  a f f e c t e d  t h a n  t h e  k i d n e y .
O n  t h e  w h o l e ,  h o w e v e r ,  c h l o r o f o r m  d o e s  n o t  a p p e a r  t o  b e  q u i t e  s o  
d e s t r u c t i v e  t o  t h e  l i v e r  t i s s u e  w h e n  a d m i n i s t e r e d  i n  t h i s  f o r m .
5 .  T h e  m a r k e d  a c t i o n  o f  t h e  d r u g  u p o n  t h e  l i v e r ,  w h e t h e r  a d m i n i s t e r e d  
b y  t h e  s t o m a c h  o r  h y p o d e r m i c a l l y ,  i s  p r o b a b l y  a c c o u n t e d  f o r  b y  t h e  
“  a n c h o r i n g  ” a c t i o n  r e f e r r e d  t o  b y  D .  N o ë l  P a t o n  ( 1 ) .  I t  w o u l d  b e  i n t e r e s t ­
i n g  t o  k n o w  i f  t h e r e  i s  e v i d e n c e  o f  a  s i m i l a r  a c t i o n  o n  t h e  p a r t  o f  t h e  k i d n e y  
c e l l s  t o  a c c o u n t  f o r  t h e  e x t e n s i v e  d e g e n e r a t i v e  c h a n g e  f r e q u e n t l y  o b s e r v e d  
t h e r e .
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6 .  T h e  r e s u l t  o f  t h e s e  o b s e r v a t i o n s  h e l p s  t o  e x p l a i n  t h e  d i f f e r e n t  e f f e c t s  
o f  c h l o r o f o r m  o n  h e p a t i c  m e t a b o l i s m .  W h e n  g i v e n  b y  t h e  r e s p i r a t o r y  
p a s s a g e s  i t  i s  r a p i d l y  e l i m i n a t e d ,  p r o d u c e s  n o  m a r k e d  h i s t o l o g i c a l  
c h a n g e s ,  a n d  t h e  m e t a b o l i c  d i s t u r b a n c e s  a r e  s l i g h t  ; b u t  w h e n  g i v e n  b y  t h e  
m o u t h  a n d  h y p o d e r m i c a l l y  i t  i s  m o r e  s l o w l y  e l i m i n a t e d ,  h a s  m o r e  t i m e  t o  
p r o d u c e  i t s  t o x i c  a c t i o n ,  a n d  t h e  m e t a b o l i c  d i s t u r b a n c e s  a r e  p r o n o u n c e d .
I n  a  f u t u r e  p a p e r  t h e  a c t i o n  o f  c h l o r o f o r m  u p o n  t h e  b l o o d  c o r p u s c l e s  
w i l l  b e  d e a l t  w i t h .
A  g r a n t  w a s  r e c e i v e d  f r o m  t h e  C a r n e g i e  T r u s t  t o  d e f r a y  t h e  e x p e n s e s  
o f  t h i s  r e s e a r c h .
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F ig .  1 .—Kidney from rabbit, No. 9 a  of the series, which had loc of chloroform 
administered in oil by the stomach. To the right is seen a quantity of 
extra-vascular blood. The cells lining the tubules are in various states of 
degeneration. The nuclei, as a whole, are badly stained. x 150.
F i g . 2 .— H ig h  p o w e r v iew  o f  th e  tu b u le s  a d ja c e n t  to  t h e  e x t ra -v a s c u la r  b lood .
The granules referred to in the text are well shown, x 800.
D r  G. H e r b e r t  Cl a r k . [P la te  I.
Proc. R oy. Soc. E d in .] [V ol. XXrx.
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Fig. 3.—Liver from the same rabbit. To the left the centre of the lobule is 
seen to be completely broken down, while to the right the cells at the 
periphery appear almost normal, x 150.
F ig .  4 .—Medulla of kidney from rabbit, No. 33, which received an injection 
of Icc of chloroform subcutaneously. A considerable degree of degeneration 
is observable, and the nuclei are losing the power of taking on the basic 
stain. X150.
D r  G. H e r b e r t  C l a r k .  [Plate II.
Proc. R oy. Soc. E d in .] [V ol. X X IX .
1 %^-
Fifi. 5 .—Liver from the same animal. The centre of the lobule shows cells 
considerably degenerated and even vacuolated. The periphery—to the 
right—shows cells which are almost normal in appearance. x 150.
D k G. H e r b e r t  Cl a r k . [P late  III .
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T H E  I N F L U E N C E  O F  C H L O R O F O R M  W H E N  
R E P E A T E D L Y  A D M I N I S T E R E D  I N  
S M A L L  D O S E S .
The very striking results obtained when administering a 
single large dose of chloroform and referred to at length in 
a paper published in 1908 (1) * suggested to the author that 
a very much smaller dose might have some influence on the 
tissues of an animal, particularly when the small dose was 
■repeated daily.
Sir James Crichton-Browne in 1907 (2) called attention to 
the habit in certain districts of taking lozenges and jujubes 
containing chloroform, and pointed out that samples of the 
lozenges contained as much as 2 9 per cent, of chloroform. 
He pointed out that these lozenges are taken in considerable 
quantity and over long periods, and he expressed the opinion 
that such repeated doses must be harmful. The repeated 
administration of small doses of this drug by the stomach to 
lower animals is therefore of practical as well as of scientific 
interest.
In the series of experiments undertaken rabbits were used 
throughout and the chloroform was administered as in the 
paper referred to above in one of three different ways—either 
by inhalation, by the mouth, or subcutaneously. The weight 
of the animal was taken day by day, and after death in many 
cases the weight of the heart was taken, and also the weight 
of the spleen. In all cases portions of liver, spleen, kidney, 
and heart were examined for fat and also stained and 
examined for degenerative changes. In the first experiments 
of the series the animals which were injected with CHClg 
had 0 -2  c.c. on two consecutive days, and two days were 
allowed to elapse before this procedure was repeated. 
This method proved so rapidly fatal that in the sub-
The parenthetical figures throughout th e paper refer to  th e  biblio­
gra p h y  at th e  end.
4sequent experiments O' 1 c.c. of OHCl  ^ was injected daily. 
In the cases where the rabbits received the CHClg in the form 
of an inhalation they were rapidly anæsthetised and then 
kept lightly anæsthetised for 15 minutes. In the first experi­
ments of this series this was done daily, but as all the 
animals used died while under the anæsthetic after a very 
few days the procedure was modified and the anæsthetic 
given on alternate days. When CHClg was given by the 
stomach it was found that CHClg water was easily tolerated 
by the rabbits and consequently 40 c.c. of this solution were 
given daily. This contained O'08 gramme of chloroform. In 
some cases the rabbits lapped up the fluid without trouble, 
but in most instances a stomach tube was passed under light 
ether anæsthesia and the CHClg water administered through 
this. Considering the results of the experiments throughout 
the series the effect of the CHClg administered in the various 
ways upon the well-being of the animal may be studied by an 
examination of the weights from day to day. The weights 
are given in grammes.
T a b l e  I .—A dm inistration  by Inhalation.
No.
6
7
8 
12 
20 
22 
24 
26 
27 
30 
32 
36
D ay.
1st. 2nd. 3rd. 4th. 5th. 6th. 7th. 8th. 9th. 10th.
1470 1450
950 920 860 770
2250 2250 2120 —
1850 1725 1750 1780 1880 1855 1850 1870 1855- 1750
2300 2275 2270 2270 2250 2200 2400 — — —
2050 1975 1950 1900 1850 1850 1800 1750 1700 1625*
2250 2170 2250 2150 2250 2250 2100 2150 — —
1600 1600 1700 1750 1750 1750 1700 — — —
1650 1600 1550 1700 1750
2050 1950 1800 1670 1600
2370 2270 2260 2250 2300 2100 2050 1950 1925 1950t
1600 1550 1550 1550 1600 1600 — — — —
* Survived for one m onth. W eight at death 1400 gram m es, 
t  Survived lor tw o m onths. W eight at d eath  1840 grammes.
Where the administration took place daily the weight fell 
fairly rapidly. In the case of rabbit No. 7 the weight had 
fallen nearly 200 grammes in four days. Where the admini­
stration was upon alternate days there was in most cases but 
-little change. The daily rise or fall was similar to what was 
observed in control rabbits. In a few cases, however, a 
marked fall in weight took place—e.g., rabbits Nos. 22, 30, 
and 32. The rabbits took food well, and some lived for a 
long while, having the chloroform administered as described 
—e.g., No. 22 lived for more than a month and No. 32 for 
'nearly two months.
T a b l e  II .— Adm inistration by Suboutaneons Injection.
Day.
1st. 2nd. 3rd. 4th. 5th. 6th. 7th. 8th. 9th. 10th. 11th. 12th.
1150 1150 1100 1050 1070 1075 1100 1050 1070 1000 - _
m o 1950 1890 1935 1900 — —
1550 1550 1520 W O 1550 1450 1430 1450 — — — —
B a ily  Injections o f O'l c.c.
4 1700 1680
5 1430 1400
13 2400 2450 2430 2230 — —
16 2700 2630 2520 2625 2500 2470 2400 2310 2220 2180 2150 2130
19 1700 1680 1700 — — — — — — — — —
21 3100 3050 3050 3000 3050 3020 2975 2930 2900 2850 1 mnth 2725
25 1650 1550 1470 1450 1450 1350 1300 1350 1300 1375 1350 1250
-28 1500 1400
29 1150 1150 1150 1150 1100 1060
31 2450 2420 2280 2250 2350 2450 2300 2150 2100 1950 26 days 1350
37 1325 1300 1200 1100 1200 1200 1150
In the first three experiments cited above 0 - 2 c.c. of the 
anæsthetic was injected on the days signified by italic figures, 
•and it will be noted that the effect of the injections is
to lower the weight on the day or days following. This
Geffect is very much more marked in the nine experiments o f  
the second series when the chloroform was given daily until 
the animal died. Here a considerable fall in weight is 
shown in some of the animals. In rabbit No. 21 there is a loss- 
of 720 grammes in a month, and in rabbit No. 31 a loss of 
1100 grammes in a somewhat shorter time. In many of 
the animals the loss in weight is very slow at first, but as- 
time progresses it becomes much more rapid. The effect 
upon weight of administering the chloroform in this way is- 
much more marked than when the drug is administered by 
inhalation on alternate days, but not so rapidly fatal as- 
where it is given daily in that manner.
T a b l e  III.— Adm inistration by the Stomach.
Day.
iz;
1st. 2nd. 3rd. 4th. 5th. 6th. 7th. 8th. 9th. 10th. 11th. 12th.
9 2380 2320 2200 2250 2250 2160 2210 2175
14 2300 2350 2380 2380 2240
15 2150 2025 1975 2050 2150 1950 1925 1900 1940 1875 1870 1870'
18 2400 2520 2500 2550 2450 2300 2150 4 m onths later 1350
23 1700 1700 1750 1700 1650 1550 1500 150011450 — 1 m nth  1620
33 2100 2000 2000 1900 1900 1800 1700 16501600 1550 1475 —
The amount’of CHClg given by this method was somewhat 
smaller than that given in the two previous series, being- 
about O'08 gramme per diem, but this amount, small as it is 
(about the same as the CHClg content of one lozenge as- 
described by Crichton-Browne (2;), caused a progressive 
diminution in weight in the animals. In all these cases 
the diminution in weight was marked, with the exception of 
No. 14, where a rise in weight was found. The death of the  
animal was, however, preceded by a very considerable fall. 
In No. 18 the rabbit tolerated a daily dose for over four 
months, but it is significant that in that time the animal had 
lost nearly 50 per cent, of its original weight—or rather mores 
than a kilogramme.
Histolog'ioal Changes.
Concurrently with the alteration in body weight in the  
animals under experiment histological changes in the organs 
and tissues examined were found. These changes were for 
the most part similar to those already described by Bandler 
(3), Heintz (4), and Ajello (5), and later by Doyon (6) and 
Billet (7).
Adm inistration  by Inhalation.
As in the previous series of experiments (1) the kidney and 
liver suffered considerably when chloroform was administered 
in this way. The degree of degeneration, however, varied 
in the different cases, and the difference in degree was not 
always dependent upon the number of administrations, 
nor was the change equally marked in the kidney and liver. 
For example, in the kidney the greatest alteration from the 
normal was found in animals No. 22, which survived for 
31 days, and No. 36, which only survived for six days. The 
liver in No. 22 was also very badly degenerated, whereas that 
of No. 36 was not markedly changed. On the other hand, the  
liver in rabbit No. 30, which lived for five days, showed 
marked degenerative changes. The cells were coarsely 
granular and vacuolated ; the nuclei took the basic stain 
badly and fat was abundant. On the whole, it may be 
stated that the degeneration in the kidney was the most 
marked feature of administration in this way, and that the 
kidney was invariably the seat of much change. A point of 
interest lies in the fact that most of the specimens showed 
that the glomerular tuft had shrunk away from its capsule— 
a phenomenon which I showed in a previous contribution was 
only present after very great changes had taken place in the 
organ. The liver suffered most in those cases which survived 
for a considerable time, whereas those animals which 
succumbed at an early date showed generally a much 
smaller degree of change. Fat was detected in all instances, 
the stain used being Scharlach E. The fat was almost 
always abundant, and generally involved the cells at the 
centre of the lobule first and extended outwards sub­
sequently.
The spleens of all the animals were examined and the 
sinuses were invariably found to be engorged with blood. 
A considerable quantity of an orange-coloured pigment was
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generally present, and in most instances enormous phago­
cytes were abundant, the phagocytes being distended with 
red corpuscles and often with pigment. The weight of the 
spleen varied considerably. Four control animals yielded 
an average weight of 0- 78 gramme, each of the animals 
weighing 2000 grammes or over.
T a b l e  IV .— freight o f the Spleen in  A nim als Anæsthetised.
No. Original w eigh t of anim al. No. of days. W eight of spleen.
12 1850 grammes. 20 2 gramm es.
20 2300 7 0 9 gram me.
22 2050 31 1 2  grammes.
24 2250 8 1-95 „
26 1600 7 0 6 gramme.)
27 1650 5 1 "4 gramm es.
30 2050 5 0'72 gram m e.l
32 2370 65 1 2  gram m es.
36 1600 6 1-2
The average weight of the animals was 1900 grammes, 
while the average weight of the spleens was 1'24. A large 
increase of iron, as demonstrated by the relative amount 
shown by the ferrocyanide HCl stain on the sections, was 
found in all cases.
In examining the animals after death it was frequently 
found that the heart muscle appeared flabby and often the 
walls seemed unusually thin. These organs were therefore 
fixed and examined for histological changes. The heart 
muscle stained unequally ; some parts appeared quite normal, 
while other areas showed a granular appearance quite 
unlike the normal ; the transverse striations were lost and the 
fibres were often segmented. The nuclei in these parts were 
poorly stained and in some specimens little was left but a 
mere indication of the position which they occupied. A  
large number of the cells were vacuolated. This appearance is 
referred to by Ungar and Junkers (8;, and by Heintz (4). The 
granular and broken-down appearance was very marked in
y
some of the hearts examined, notably in Nos. 12, 20, 22, and 
24, but not so marked in No. 32, where the animal survived 
for 65 days.
It may be noted here that all the animals referred to above 
died while under the anæsthetic, either while the drug was 
being administered or within five minutes after stopping the 
administration.
A dm inistration  by Snbcntaneous Infection.
In the cases of animals Nos. 1, 2, and 3 chloroform was 
given in doses of 0 2 of a cubic centimetre, and the doses 
were given irregularly, as shown in Table II. The results in 
these cases are therefore not strictly comparable with those 
obtained by daily administration of 0 -1  c.c., but they are 
included here as they illustrate the points to be brought out 
in this paper.
The animals referred to other than the above received 
0 1 c.c. hypodermically each day. The injection appeared 
to have no immediate effect, and the rabbits so treated were 
as active after as they were before the administration. Of 
those which were injected with the larger amount one died 
after four and two after three administrations, so that the 
drug was rapidly fatal. Those rabbits which were injected 
with only 0 1 c.c. lived for longer periods, the average being 
11 days. The longest period a rabbit lived during the 
administration was 30 days and the shortest two days.
The organ which appeared most affected histologically was 
the liver, and herv. the changes were comparable with those 
referred to in a previous paper (1). In one instance, where 
the rabbit survived for 30 days, the liver was found to be of 
an orange colour, and contained masses of an orange- or 
yellow-coloured pigment like that observed in the spleen, and 
similar to that described by Fraenkel (9), Marthen (10), and 
Cohn (11). This pigment gave a positive stain for iron. 
There did not appear to be atrophy. In a few of the livers 
examined, particularly when taken from animals which had 
lived for some time, a considerable amount of white fibrous 
tissue was found between the lobules, as described by 
Fiessinger (12). The kidneys also generally showed some 
degree of degenerative change, although in many instances 
but little alteration from the normal was observed. Con­
gestion and hæmorrhage were generally found, and in the 
kidneys taken from the animals which were injected with the
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larger dose of the drug the degeneration in the convoluted 
as well as the straight tubules was very marked. Frequently 
the tubules were packed with débris and desquamated epi­
thelium. Where the degeneration was far advanced fat was 
always found in the degenerated cells. On the whole, how­
ever, the kidney appeared to be affected to a somewhat 
slighter degree in this method of administration.
The spleens showed much the same condition as did those 
in Table IV, The amount of iron present as shown by the 
ferrocyanide HCl method of staining was very great, and in 
No. 19 when the animal was killed after three administrations 
fully half of the spleen section stained green by this method 
of staining. The large phagocytes referred to above were 
also present here in large numbers.
T a b l e  V .— The Weights of the Spleens and other F articulars.
No. Original w eigh t of animal. No. of days. W eight of spleen.
16 2700 grammes. 13 1‘5 grammes.
21 3100 „ 30 185 „
25 1650 „ 15 0'67 gram m e.
28 1500 „ 3 1 2  grammes.
31 2450 „ 26 1-5
37 1325 „ 7 1-5
Averao;e... 2121 „ 16 1-37 „
Thus the average weight of the spleens was 1- 37 grammes, 
as compared with an average weight of 0- 78 gramme in the 
control animals. The hearts generally showed degenerative 
change, although this was not always marked. Granular 
cells with loss of the cross-striped appearance were common, 
and in most cases the nuclei stained irregularly ; sometimes 
the peripheral part of the cardiac muscle appeared to have 
suffered most, at other times the central parts.
Fat was not observed in any of the hearts examined for it, 
therein differing from the findings of Fraenkel (9) and 
supporting Heintz (4).
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A dm inistration  hy the Stomach.
The method of administration adopted here was not by 
any means so rapidly fatal as either of the other methods, 
contrasting in this with the administration of larger doses in 
olive oil as detailed in a previous paper, where this was the 
most fatal method of administration. The average length of 
life during the administration was 16 days, not taking 
into account the animal that lived for four and a half 
months receiving an administration each day. As 
might also be expected, the liver suffered most of 
any organ when the chloroform was administered in 
this way. The amount of degenerative change was- 
great in all cases, but was of a different type in those 
animals which lived for some time to that in those where 
death took place in a few days. In those dying soon the 
cells showed albuminous degeneration, vacuolation, and on 
two occasions all that could be made out of the liver cells 
was a kind of network outlining spaces which contained a 
poorly staining central nucleus surrounded by a small 
amount of coarsely granular protoplasm. In rabbit No. 18, 
which lived for more than four months, there was a very 
great deal of fibrous tissue throughout the liver. Large open­
ings were found irregularly distributed throughout the 
specimen, and the altered cells showed no sign of definite 
arrangement.
The greatest degenerative change was observed in No. 38, 
where the centres of the lobules had lost all trace of their 
cellular components and were made up of a cheesy mass con­
taining numerous dark granules. Abundance of fat was 
always found.
The kidneys had on the whole suffered comparatively 
slightly, although in Nos. 14 and 33 the cells in places were 
badly degenerated, showing but little sign of the original 
structure. In No. 33 the glomerular tufts were shrunken, and 
in a few places in the cortex as well as in the medulla the 
cells of the tubules were entirely lost. There was rarely 
congestion and no hæmorrhages were found.
In the spleen the sinuses were found distended with blood, 
and pigment was present. In Nos. 14, 15, and 23 the 
amount of iron shown by the ferrocyanide HCl stain was 
but small, although in 18 and 33 the amount was very 
great.
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The large phagocytes were numerous in those specimens 
which contained much pigment.
T a b l e  VI.— The Weights of the Spleens and other P articu lars.
No. Original w eigh t of animal. No. of days. W eight of spleen.
14 2300 grammes. 5 1 2  gram m es.
15 2150 14 0 3 gramme.
18 2400 140 1 5  grammes.
23 1700 30 0'95 gramm e.
33 2100 11 0 8
The average weight of the animal was 2130 grammes, 
while the average weight of the spleens was 0 95 gramme, 
the latter average being 0 • 17 gramme above the normal. The 
hearts showed very little variation from the normal, and the 
cross striping was seen plainly in all the specimens examined.
Consideration of Results.
In reviewing the results of the experiments detailed above, 
it  appears to be proved that given in the form of small doses 
frequently repeated chloroform is a much more dangerous 
drug than when given in a single much larger dose. The 
first doses given appear to lower the vitality of the tissues, so 
that the later doses have a more marked action.
Idiosyncrasy or a number of undetermined factors appear 
to influence the action of chloroform on animals, and we find 
•enormous variations between the shortest time and the 
longest time an animal lived during the administration.
In all the animals examined the liver appeared to have 
suffered greatly, although, as was to be expected, the most 
marked degeneration was found where the anæsthetic was 
given through the stomach. When the drug was inhaled the 
kidneys seem to have suffered more uniformly than in the 
other cases, and although the degree of degeneration was 
not always great, the difference in degree between kidney and
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liver degeneration was not nearly as marked as when the 
chloroform was given in either of the other ways.
Very great changes were seen almost uniformly in the 
spleen even in the animals that died in a few days. The 
evidence of extensive hæmolysis was most marked. The 
large-sized phagocytes in many cases distended with dead 
red corpuscles and in other cases containing a pigment which 
gave a positive stain for iron, the masses of such pigment 
apparently lying loose in the spleen, and the large size and 
weight of the organ all demonstrated its increased activity 
(Paton and Goodall) (14). The organs in which this 
increased activity was least manifest were those removed 
from the rabbits which received the administration through 
the stomach much diluted with water. Here the average 
size of the spleen was small and the weights corresponded. 
The average weight was only 0 1 7  gramme above the 
normal, whereas in the other experiments the increase wa& 
0*46 gramme when chloroform was inhaled and 0- 59 gramme 
where it was injected.
When chloroform was inhaled it seemed to have a more 
marked action on the heart muscle than when it was given 
through the stomach or injected. Fat was not detected in 
the hearts examined.
In connexion with the administration by the stomach, it is 
of interest to note that the amount of chloroform given in 
each administration was comparable with the quantity de­
scribed by Sir James Crichton-Browne (2) as being present in 
one linseed, liquorice, and chlorodyne lozenge. The average 
weight of a full-grown rabbit is about 2 kilogrammes, while 
70 kilogrammes represents the weight of a full-grown man. 
Thus 30 to 40 of these lozenges per diem in a man gives the 
same proportion of chloroform to body weight as in the ex­
periments, and correspondingly less in a woman or a child. 
Many rabbits are very susceptible to the action of chloroform, 
but even in the one example where the animal lived for a 
long while the liver changes were of a very striking 
description. The lesions found in rabbits closely resemble 
those reported in fatal human cases of chloroform poisoning 
by Stiles and McDonald (15) and others.
The mortality among rabbits which have been anæsthetised 
through the respiratory passages and the changes in heart, 
liver, and kidney found after death emphasise the danger of 
repeated administration by this method, even when the 
anæsthetic is only exhibited for very short periods.
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Summary.
1. Chloroform repeatedly administered by the respiratory 
passages, subcutaneously, and by the stomach in small doses 
rapidly kills rabbits.
2. The liver shows degeneration of the cells sometimes so 
marked that the whole centre of the lobule is broken down 
into débris. The cells in the centre of the lobule are early 
affected, those further out later. Fat is always present, 
generally in large quantities.
3. The kidney suffers to some extent, but relatively more 
when the chloroform is inhaled than when injected or given 
by the stomach. Fat is occasionally found in degenerated 
cells.
4. The spleen shows intense congestion, the sinuses being 
packed with red blood corpuscles. Along with the red 
corpuscles an orange-coloured pigment is generally present 
which reacts to the stain for iron. A large number of very 
large phagocytes are present in most cases. The average 
weight of the spleen was 0 • 46 gramme heavier than the 
controls when chloroform was inhaled, and 0 • 59 gramme 
and 0 17 gramme heavier when injected and when given by 
the stomach respectively.
5. Degenerative changes were observed in the cardiac 
muscle. Fat was not observed in any of hearts examined.
(A grant was received from the Carnegie Trust to defray 
the expenses of this research.)
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Buckmaster and Gardner ^  have shown that in chloroform 
anæsthesia the bulk of the chloroform is carried by the red 
corpuscles. Pohl ® estimated the proportion in the corpuscles 
as two to four times that present in the serum. Nicloux * 
by a more accurate method estimated the amount in 
corpuscles as about 88 and in the plasma 12 per 100 parts 
of chloroform. The enormous difference in time of absorption 
and of elimination, and the very much more marked effects 
on the tissues of chloroform when given subcutaneously, 
suggested to us that the chloroform might be differently com­
bined in the two cases. By inhalation the greater part of the 
chloroform combines loosely with the corpuscles and is 
rapidly absorbed and rapidly eliminated. A small moiety is 
sometimes found according to Noel Paton and Miss Lindsay* 
still present in the blood some hours after the anæsthetic, 
particularly when the animal anæsthetised has been confined 
in a cage after the administration. This might represent a 
remnant of the 12 per cent, in the plasma. When given 
subcutaneously the much slower absorption and elimination, 
and the consequent greater effect on the tissues, might be 
due to a firmer combination of the chloroform with some 
part of the serum—say, the proteins, as suggested by Moore 
and Roaf.^ That the drug is differently fixed in the two 
cases is further suggested by the fact that a prolonged 
administration of chloroform by inhalation has very little 
effect on the liver and kidney tissues, whereas the adminis­
tration of a very small amount hypodermically causes injury 
to the cells of these organs.
In carrying- out the experiments the same procedure was 
observed in all cases. The rabbits were weighed, and then 
where they were anæsthetised by inhalation they were kept 
just under for one hour. They were then killed and rapidly 
bled an amount of 15 per cent, solution of potassium 
oxalate sufficient to prevent coagulation of the blood. The 
blood mixture was then centrifugalised for three hours, 
and the corpuscles and plasma were separately estimated 
for chloroform. The method of Nicloux  ^ was used 
throughout the estimation.
The time taken for centrifugalising-^three hours—is the 
same as was adopted by Nicloux, and yielded more con­
stant results than any shorter time. As an objection 
against such a lengthy separation may be argued that both 
corpuscles and chloroform would be driven to the bottom 
of the tube, and thus the proportion in corpuscles would 
rise with prolonged separation. This, as a matter of fact, 
is the case, but may also be due to the separation being 
more complete. Where the centrifugalising has gone on for 
one hour the corpuscles plus chloroform are mixed with a 
certain amount of plasma plus its chloroform ; in the latter 
case the chloroform content is small and tends to reduce the 
proportion of chloroform in the mass. At the end of three 
hours the amount of plasma and chloroform with the cor­
puscles is very small indeed, and is negligible. In any case, 
the same procedure was adopted with both inhalation and 
injection specimens, so that the results are comparable.
Where chloroform was given subcutaneously amounts 
varying from 1 c.c. to 3 c.c. were given, and the animals 
were killed and bled as above two to three hours later. The 
amount of chloroform in the blood approaches a maximum 
two to four hours after the administration. * The results are ;—
1. B y  In h a la tion .
R abb it Z).—W eight, 1800 grm. Chloroform inhaled for one hour. 
35 c.c. of hlood taken w ith  1 c.c. of 15 per cent, potassium  oxalate ; 
centrifugalised for three hours. Total am ount recovered, 18T3 mg. 
chloroform. Corpuscles, 90 8 per cent. ; plasma, 9 2 per cent, of total 
chloroform present.
Rabbit M .—W eight, 2200 grm . Chloroform inhaled for 45 m inutes. 
58 c.c. of blood taken w ith  2 c.c. of 15 per cent, potassium  oxalate ; 
centrifugalised for three hours. Total am ount recovered, 26'56 mg. 
chloroform. Corpuscles, 90'2 her cent. ; plasma, 9 8 per cent, of total 
chloroform present.
R abbit P .—W eight, 1850 grm. Chloroform inhaled for one hour. 
35 c.c. blood w ith  5 c.c. potassium  oxalate ; centrifugalised for three 
hours. Total am ount recovered, 6'3 m g. chloroform . Corpuscles, 
88'8 per cent. ; plasma, 11-2 per cent, of total chloroform  present.
Rahhit i î .—W eight, :1900 grm. Cliloroform inhaled for one hour. 
38 c.c. of blood w ith  5 c.c. of potassium oxalate ; centrifugalised for two 
and a half hours. Total chloroform recovered, 16‘45 m g. Corpuscles, 
88'9 per cent. ; plasma, l l ' l  per cent, of total chloroform present.
R abbit S .—W eight, 2400 grm. Chloroform inhaled for one hour. 
45 c.c. of blood w ith  5 c.c. of potassium oxalate ; centrifugalised three 
hours. Total am ount recovered, 14'84 mg. chloroform. Corpuscles, 
87"6 per cent. ; plasma, 12‘4 per cent, of total chloroform present.
R abbit Z .—W eight, 1800 grm. Chloroform inhaled for one hour. 
40 c.c. of blood w ith  5 c.c. of potassium oxalate ; centrifugalised for two 
hours. Total am ount recovered, 14'84 m g. chloroform. Corpuscles, 
85 2 per cent. ; plasma, 14 8 per cent, of total chloroform present.
Average distribution in  six rabbits : Corpuscles, 88'6 per cent. ; 
plasma, 11'4 per cent, of total chloroform present.
2. B y Injection.
R abb it C.—W eight, 2400 grm. 1 c.c. injected ; animai killed four 
hours later. 40 c.c. blood taken w ith  1 c.c. of potassium oxalate ; 
centrifugalised three hours. Total am ount recovered 7 9 m g. chloro­
form. Corpuscles, 81 6 per cent. ; plasma, 18'4 per cent, of total chloro­
form recovered.
R abbit G.—W eight, 2975 grm. 2 c.c. injected ; animal killed two and 
a half hours later. 42 c.c. blood w ith  1 c.c. potassium oxalate ; centri­
fugalised for three hours. Total am ount recovered, 6‘21 m g. chloroform. 
Corpuscles, 76'4 per cent. ; plasma, 23'6 per cent, of total chloroform  
present.
R abbit 77.—W eight, 1450 grm. 1'5 c.c. injected and repeated in  15 
m inutes. 30 c.c. blood and 1 c.c. potassium oxalate ; animal killed two  
hours later ; centrifugalised three hours. Total amount recovered, 
8"25 m g. chloroform. Corpuscle, 78 per cent. ; plasma, 22 per cent, of 
total chloroform present.
R abbit Q.—W eight, 2300 grm. 3 c.c. injected and rabbit killed three  
hours later. 40 c.c. blood and 5 c.c. potassium oxalate ; centrifugalised  
three hours. Total am ount recovered, 5‘88 m g. chloroform. Corpuscles, 
74'8 per cent. ; plasma, 25 2 per cent, of total chloroform present.
R abbit T.—W eight, 2200 grm. 3 c.c. injected. 40 c.c. blood taken 
w ith  5 c.c. oxalate. Total am ount recovered, 9 38 m g. chloroform. 
Corpuscles, 79 9 per cent. ; plasma, 20'1 per cent, of total chloroform  
present.
R abbit Y .—W eight 2050 grm. 3 c.c. injected. Animal killed tw o  
hours later. 40 c.c. blood taken with 10 c.c. oxalate ; centrifugalised  
three hours. Total am ount recovered, 10'84 mg. chloroform. Corpuscles 
72'4 per cent. ; plasma, 27'6 per cent, of total chloroform present.
Average distribution in  six  rabbits Corpuscles, 77 2 per cent. ; 
plasma, 22'8 per cent, of total chloroform present.
Consideration of Results.
Where the chloroform was inhaled the amount found in 
the plasma varied from 9'2 to 14-8 per cent, of the total 
amount recovered from the blood. Where the chloroform 
was injected the amount found in the plasma varied from 
18-4 to 27'6 per cent, of the total amount recovered from 
the blood. Thus in all cases where the chloroform was
given subcutaneonsly the amount recovered from the plasma 
was much more than where the anæsthetic was inhaled. The 
delayed elimination therefore appears to be due to the 
different fixation of the drug in these cases.
The corpuscles appear to part with the chlorofonn rapidly, 
and after anæsthesia by inhalation the proportion held by 
the corpuscles is rapidly eliminated. Probably this is also 
the case with the proportion of chloroform held by the 
corpuscles after injection, but the difficulty of getting rid of 
the amount in the plasma seems to account for the delay in 
elimination and the injury to kidney and liver tissue.
These results suggest that in cases of delayed chloroform 
poisoning the distribution of the anæsthetic in the blood 
may more closely approximate to that of rabbits after 
injection of chloroform. The amount in the plasma varies 
within fairly wide limits, and this variation may be due to 
a variety of causes. Anything which would cause a larger 
proportion than usual of the chloroform in the blood to 
combine with the plasma constituents might cause a delayed 
elimination of the drug, and consequently injury to liver and 
kidney tissue.
It is of interest to note that in one rabbit which died just 
before the chloroform inhalation was stopped—after one 
hour inhalation—the amount of chloroform recovered was 
22*24 mg. in 35 c.c. of blood, and of this the corpuscles 
contained 67 7 per cent, and the plasma 32 3 per cent., so 
that the fatal result was at least associated with a large 
percentage of chloroform in the plasma.
Stm m ary .—Evidence is given that in rabbits the blood 
contains a larger proportion of chloroform in the plasma 
when the anæsthetic is given subcutaneously than when it 
is given as an inhalation. This is considered to be the 
reason for the delay in elimination and the consequent 
greater injury to the tissues which is associated with this 
mode of administration.
A grant was received from the Carnegie Trust to defray 
the expenses of this research.
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T h e  E f f e c t s  o f  C h l o r o f o r m .*
By G. HERBERT CLARK, M.B., D .P .H ., 
Lecturer in Physiology in the University of Glasgow.
T h e  c h o i c e  o f  a  s u b j e c t  f o r  t h i s  p a p e r  w h i c h  I  a m  g i v i n g  y o u  
t h i s  e v e n i n g  w a s  i n  s o m e  r e s p e c t s  a  d i f f i c u l t  m a t t e r ,  a n d  
i t  m a y  a p p e a r  t o  y o u  t h a t  t h e  t i t l e ,  “  E f f e c t s  o f  C h l o r o f o r m , ”  
s u g g e s t s  s o m e t h i n g  m u c h  m o r e  c l o s e l y  a l l i e d  t o  s u r g e r y  t h a n  
p h y s i o l o g y .  T h i s  i s  n o t  a c t u a l l y  t h e  c a s e ,  f o r ,  a l t h o u g h  t h e  
s u b j e c t  i s  n o t  o f  p h y s i o l o g i c a l  i n t e r e s t  a l o n e ,  m u c h  o f  t h e  
b e s t  w o r k  o n  t h e  s u b j e c t  h a s  b e e n  d o n e  b y  p h y s i o l o g i s t s .  I n  
t h e  i m m e d i a t e  a n d  r e m o t e  e f f e c t s ,  w h i c h  I  w i s h  t o  r e f e r  t o ,  
I  h a v e  n o  i n t e n t i o n  o f  e n t e r i n g  i n t o  d e t a i l s  a s  t o  t h e  c o n d i t i o n  
o f  t h e  p u p i l ,  & c . ,  s u c h  a s  a r e  o r d i n a r i l y  t a u g h t  i n  c l a s s e s  
o f  c l i n i c a l  s u r g e r y  ; b u t  w i s h  t o  i n d i c a t e  t o  y o u  m o r e  
p a r t i c u l a r l y  t h e  e f f e c t s  o f  t h e  d r u g  u p o n  t h e  t i s s u e s ,  a n d  
u p o n  m e t a b o l i s m  a n d  e x c r e t i o n .  I n  m a n y  r e s p e c t s  a  m o r e  
c o m p l e t e  k n o w l e d g e  o f  t h e s e  e f f e c t s  i s  n e c e s s a r y  i n  p r a c t i c a l  
m e d i c i n e  a n d  s u r g e r y  t h a n  i s  p o p u l a r l y  t a u g h t ,  a n d  i t  i s  w i t h  
t h e  p u r p o s e  o f  i n t r o d u c i n g  t o  y o u r  n o t i c e  s o m e  o f  t h e  l e s s  
w e l l  k n o w n  o l d e r  w o r k  o n  t h e  s u b j e c t  a n d  t h e  r e c e n t  w o r k ,  
p a r t  o f  w h i c h  h a s  b e e n  d o n e  i n  t h e  p h y s i o l o g i c a l  d e p a r t m e n t  
h e r e ,  t h a t  I  v e n t u r e  t o  c o m e  b e f o r e  y o u .
I n  c o n s i d e r i n g  t h e  e f f e c t s  o f  c h l o r o f o r m  u p o n  a n y  a n i m a l
1 A lecture delivered to Queen Margaret College M edical Club on 15th 
January, 1912.
2 M r. Clark— The Effects o f  Chloroform .
t h e r e  a r e  a  n u m b e r  o f  p o i n t s  t o  w h i c h  w e  m u s t  d i r e c t  o u r  
a t t e n t i o n .  F o r e m o s t  o f  t h e s e  i s  t h e  q u e s t i o n ,  “ H o w  d o e s  t h e  
d r u g  r e a c h  t h e  t i s s u e s  ? ”
I n  t h e  g r e a t  m a j o r i t y  o f  c a s e s  c h l o r o f o r m  i s  a d m i n i s t e r e d  
i n  t h e  f o r m  o f  a n  i n h a l a t i o n — t h e  v a p o u r  o f  t h e  a n æ s t h e t i c  
b e i n g  i n s p i r e d  a l o n g  w i t h  a i r .  T h u s  t h e  c h l o r o f o r m - a i r  
m i x t u r e  p a s s e s  t o . t h e  l u n g s ,  a n d  i n  d u e  c o u r s e  a  d i l u t e  
m i x t u r e  c o m e s  i n  c o n t a c t  w i t h  t h e  r i c h  p l e x u s  o f  b l o o d ­
v e s s e l s  c o u r s i n g  a l o n g  t h e  a l v e o l a r  w a l l s .  H e r e  t h e  o x y g e n  
e n t e r s  i n t o  a  l o o s e  c h e m i c a l  r e l a t i o n s h i p  w i t h  t h e  h æ m o g l o b i n ,  
a n d  i s  t h u s  c a r r i e d  t o  t h e  t i s s u e s .  T h e  f a t e  o f  t h e  c h l o r o f o r m  
i s  n o t  s o  c l e a r l y  d e f i n e d ,  f o r ,  w h e r e a s  i t  s e e m s  p r o v e d  b e y o n d  
q u e s t i o n  t h a t  t h e  l a r g e r  p a r t  o f  w h a t  i s  a b s o r b e d  i s  c a r r i e d  
b y  t h e  r e d  c o r p u s c l e s ,  t h e  p l a s m a  c o n t a i n s ,  a c c o r d i n g  t o  
N i c l o u x , ^  m o r e  t h a n  1 2  p e r  c e n t  o f  t h e  t o t a l  c h l o r o f o r m  i n  
t h e  b l o o d .
T h e n  t h e r e  i s  t h e  q u e s t i o n ,  “  W h a t  p a r t i c u l a r  e l e m e n t  i n  t h e  
c o r p u s c l e s  a n d  p l a s m a  d o e s  t h e  c h l o r o f o r m  f o r m  l o o s e  c o m ­
p o u n d s  w i t h  ? ” f o r  t h e  c o m p o u n d s  m u s t  b e  l o o s e  i f  t h e  
b l o o d  i s  t o  p a s s  t h e  c h l o r o f o r m  o n  t o  t h e  t i s s u e s .  H e r e ,  a g a i n ,  
w e  h a v e  s o m e  d i f f e r e n c e  o f  o p i n i o n .  S o m e  ( M o o r e  a n d  
K o a f y ^ ’  ^ h o l d  t h a t  t h e  p r o t e i n s  f o r m  u n s t a b l e  c o m p o u n d s  
w i t h  t h e  c h l o r o f o r m .  T h e y  a r g u e  t h a t  “  s i n c e  p r o t e i n s  b u i l d  
u p  t h e  l i v i n g  p r o t o p l a s m ,  c h l o r o f o r m  a n d  o t h e r  a n æ s t h e t i c s  
m u s t  f o r m  s i m i l a r  u n s t a b l e  c o m p o u n d s  w i t h  p r o t o p l a s m ,  a n d  
t h a t  a n æ s t h e s i a  i s  d u e  t o  t h e  f o r m a t i o n  o f  s u c h  c o m p o u n d s  
w h i c h  l i m i t  t h e  c h e m i c a l  a c t i v i t i e s  o f  t h e  p r o t o p l a s m .  O n  
a c c o u n t  o f  t h e  u n s t a b i l i t y  o f  t h e  c o m p o u n d s ,  t h e s e  r e m a i n  
f o r m e d  o n l y  s o  l o n g  a s  t h e  p r e s s u r e  o f  t h e  a n æ s t h e t i c  
i n  t h e  s o l u t i o n  i s  m a i n t a i n e d , ”  O t h e r s  ® h o l d  t h a t  t h e  
“ l i p o i d ”  e l e m e n t  i n  t h e  c o r p u s c l e s ,  p l a s m a ,  a n d  t i s s u e s  i s  
r e s p o n s i b l e  f o r  t h e  f i x i n g  o f  t h e  c h l o r o f o r m ,  s o  l o n g  a s  t h e  
v a p o u r  p r e s s u r e  o f  t h e  c h l o r o f o r m  i s  s u f f i c i e n t .  T h e  t e r m  
“ l i p o i d ”  i s  h e l d  t o  m e a n  t h o s e  “ f a t - l i k e ”  c o n s t i t u e n t s  o f  
a n i m a l  o r  v e g e t a b l e  c e l l s  w h i c h  c a n  b e  e x t r a c t e d  b y  m e a n s  
o f  e t h e r  o r  s i m i l a r  s o l v e n t s ” ( R o s e n h e i m ^ ) .  M e y e r ®  h a s  
p o s t u l a t e d  t h e  h y p o t h e s i s  t h a t  a l l  b o d i e s  c a p a b l e  o f  d i s s o l v i n g  
f a t s  p o s s e s s ,  i n  a  g r e a t e r  o r  l e s s  d e g r e e ,  a n æ s t h e t i c  p r o p e r t i e s .  
T h i s  s u g g e s t i o n  a s  t o  t h e  i m p o r t a n c e  o f  t h e  “  l i p o i d s  ” i n  
a n æ s t h e s i a  i s  s u p p o r t e d  b y  t h e  e x p e r i m e n t s  o f  N i c l o u x , ®  w h o  
s h o w e d  t h a t ,  i f  a n  a n i m a l  w a s  a n æ s t h e t i s e d  w i t h  c h l o r o f o r m  
a n d  k i l l e d  w h e n  f u l l y  a n æ s t h e t i s e d ,  t h e  n e r v o u s  t i s s u e  o f  t h e  
b r a i n  a n d  s p i n a l  c o r d  c o n t a i n e d  a  l a r g e r  p r o p o r t i o n  o f  
c h l o r o f o r m  t h a n  a n y  o t h e r  t i s s u e s — t h e  b l o o d  e x c e p t e d .
I n  f u r t h e r  e x a m i n i n g  t h i s  p o i n t ,  N i c l o u x  a n d  M d l l e  F r i s s o n  ®
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f o u n d  t h a t  t h e  w h i t e  m a t t e r  h e l d  m o r e  o f  t h e  a n æ s t h e t i c  
t h a n  t h e  g r e y ,  a n d  t h a t  t h e  d i f f e r e n t  p o w e r  o f  f i x a t i o n  o f  
c h l o r o f o r m  v a r i e d  w i t h  t h e  p r o p o r t i o n  o f  f a t s  o r  a n a l o g o u s  
s u b s t a n c e s .  O n  p u r s u i n g  t h i s  i n v e s t i g a t i o n  w i t h  r e g a r d  t o  
o t h e r  t i s s u e s  t h e y  f o u n d  t h a t  t h e  l a w  h e l d  g o o d .  T h u s  w e  
m a y  t a k e  i t  t h a t  t h e  “ l i p o i d  ”  e l e m e n t  i n  b l o o d  a n d  t i s s u e  
c e l l  f o r m s  a  l o o s e  c o m b i n a t i o n  w i t h  t h e  c h l o r o f o r m ,  a n d  t h a t  
a n æ s t h e s i a  d e p e n d s  u p o n  t h i s .
I t  i s  a l s o  n o t a b l e  t h a t  t h e  h e a r t  m u s c l e  i s  f o u n d  t o  h a v e  a  
m u c h  g r e a t e r  a f f i n i t y  f o r  c h l o r o f o r m  t h a n  s k e l e t a l  m u s c l e ,  a s  
r e p r e s e n t e d  b y  t h e  f i g u r e s  4 1  m g .  p e r  c e n t  f o r  c a r d i a c  a n d  
2 1  m g .  p e r  c e n t  f o r  s k e l e t a l  m u s c l e .  S h e r r i n g t o n  a n d  
S o w  t o n  h a v e  s h o w n  t h a t  s t r i p e d  m u s c l e s — u n l i k e  c a r d i a c —  
a r e  n o t  r e a d i l y  p o i s o n e d  b y  c h l o r o f o r m .  T h u s  t h e  s u b s t a n c e s  
w h i c h  f i x  t h e  c h l o r o f o r m  i n  c a r d i a c  m u s c l e  a r e  p r e s e n t  i n  
s m a l l e r  a m o u n t  i n  s k e l e t a l  m u s c l e ,  a n d  w e  h a v e  a  m u c h  
s m a l l e r  s u s c e p t i b i l i t y  o f  t h e  l a t t e r  t o  t h e  a c t i o n  o f  t h e  d r u g .
H a v i n g  t h u s  d e c i d e d  t h a t  t h e  c h l o r o f o r m  o w e s  i t s  a c t i o n  t o  
i t s  a f f i n i t y  f o r  “  l i p o i d  ” s u b s t a n c e s ,  w e  m u s t  n o w  c o n s i d e r  h o w  
t h e  a n æ s t h e t i c  i s  a b s o r b e d .  I s  i t  t a k e n  u p  r a p i d l y  o r  s l o w l y  ? 
I s  i t  t a k e n  u p  a t  a  u n i f o r m  r a t e  ?
T h e  w o r k  o f  B r o d i e  a n d  W i d d o w s  a n d  B u c k m a s t e r  a n d  
G a r d n e r  a g r e e s  i n  a l l  i m p o r t a n t  r e s p e c t s  i n  t h i s  c o n n e c ­
t i o n .  T h e y  s h o w  t h a t  t h e  c h l o r o f o r m  a b s o r p t i o n  i n c r e a s e s  
w i t h  g r e a t  r a p i d i t y  i n  t h e  i n i t i a l  s t a g e s  o f  a n æ s t h e s i a  t o  
a  v a l u e  w h i c h  a p p r o a c h e s  a  m a x i m u m .
B r o d i e  a n d  W i d d o w s  s h o w  t h a t  t h e  p e r i o d  o f  m a x i m u m  
a b s o r p t i o n  i s  d u r i n g  t h e  s e c o n d  m i n u t e  o f  t h e  a d m i n i s t r a t i o n ,  
b u t  B u c k m a s t e r  a n d  G a r d n e r  p l a c e  t h e  t i m e  s o m e w h a t  
l a t e r ,  f r o m  f i v e  t o  f i f t e e n  m i n u t e s  i n  t h r e e  i n s t a n c e s .
F o l l o w i n g  t h i s  m a x i m u m  o f  a b s o r p t i o n  t h e  b r e a t h i n g  
b e c o m e s  s h a l l o w e r ,  p r o b a b l y  o w i n g  t o  t h e  e f f e c t  o f  t h e  
c h l o r o f o r m  o n  t h e  r e s p i r a t o r y  c e n t r e s .  T h i s  d e p r e s s i o n  o f  
r e s p i r a t i o n  v a r i e s  i n  d i f f e r e n t  i n d i v i d u a l s ,  a n d  a p p e a r s  t o  
d e p e n d  o n  t h e  d e g r e e  o f  c o n c e n t r a t i o n  o f  t h e  c h l o r o f o r m - a i r  
m i x t u r e .  D u r i n g  t h e  p e r i o d  o f  r e s p i r a t o r y  d e p r e s s i o n  t h e  
r a t e  o f  a b s o r p t i o n  d i m i n i s h e s .
A t  t h i s  s t a g e  i n  a n i m a l s  t h e  a u t h o r s  f o u n d  t h a t  t h e r e  w a s  
d a n g e r  o f  t h e  r e s p i r a t i o n  c o m p l e t e l y  s t o p p i n g ,  a n d  t h a t ,  
a l t h o u g h  a r t i f i c i a l  r e s p i r a t i o n  w a s  f r e q u e n t l y  s u c c e s s f u l  i n  
r e s t o r i n g  t h e  b r e a t h i n g ,  t h i s  w a s  n o t  a l w a y s  t h e  c a s e .  
B u c k m a s t e r  a n d  G a r d n e r  s t a t e  t h a t  a l l  t h e  d e a t h s  t h e y  h a d  
d u r i n g  t h i s  p e r i o d  w e r e  e n t i r e l y  d u e  t o  r e s p i r a t o r y  f a i l u r e ,  
a n d  n o n e  t o  c a r d i a c  f a i l u r e .  L e v y ,^ ®  o n  t h e  o t h e r  h a n d ,  h a s  
r e c e n t l y  p u b l i s h e d  a  c o m m u n i c a t i o n  i n  w h i c h  h e  r e c o r d s
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1 8  c a s e s  o f  s u d d e n  d e a t h  i n  c a t s  d u r i n g  l i g h t  a n æ s t h e s i a ,  
i n  w h i c h  f i b r i l l a t i o n  o f  t h e  v e n t r i c l e  w a s  t h e  c a u s e  o f  d e a t h .  
H e  p o i n t s  o u t  t h a t  t h e s e  d e a t h s  o c c u r r e d  w h e n  t h e  a n i m a l s  
w e r e  i m p e r f e c t l y  a n æ s t h e t i s e d ,  a n d  t h a t  t h e  r e m o v a l  o f  a n d  
r e - a p p l i c a t i o n  o f  t h e  i n h a l e r  a p p e a r e d  t o  p l a y  a  p a r t  i n  t h e  
f a t a l  r e s u l t .
I n . a n y  c a s e ,  w h i c h e v e r  i s  a f f e c t e d  m o s t  m a r k e d l y ,  t h e  
e v i d e n c e  i s  c o m p l e t e l y  i n  a g r e e m e n t  t h a t  a  d e f i n i t e  d a n g e r -  
p o i n t  o c c u r s  w i t h i n  t h e  f i r s t  f e w  m i n u t e s  o f  a n æ s t h e s i a .  T h i s  
i s  r e p r e s e n t e d  b y  t h e  p e r i o d  b e t w e e n  Y  a n d  Z  i n  F i g .  1 .
S h e r r i n g t o n  a n d  M i s s  S o w t o n  h a v e  s h o w n  t h a t  c a r d i a c  
m u s c l e  i s  m u c h  m o r e  r e a d i l y  a f f e c t e d  b y  c h l o r o f o r m  s o l u t i o n  
p l u s  G O g  t h a n  b y  c h l o r o f o r m  s o l u t i o n  p l u s  O g , a n d , c o n s e q u e n t l y ,  
t h e  p e r i o d  o f  d i m i n i s h e d  v e n t i l a t i o n  o f  t h e  l u n g  m u s t  
n e c e s s a r i l y  b e  o n e  o f  d a n g e r .
I f  t h e  a n i m a l  p a s s e s  t h i s  s t a g e ,  a n d  t h e  a d m i n i s t r a t i o n  i s  
c o n t i n u e d ,  t h e  a b s o r p t i o n  a g a i n  i n c r e a s e s ,  a n d  t h e  c h l o r o f o r m  
c o n t e n t  o f  t h e  b l o o d  r i s e s  a g a i n  u n t i l  a  p o i n t  o f  e q u i l i b r i u m  i s  
r e a c h e d — i n t a k e  a n d  o u t p u t  g o i n g  o n  s i d e  b y  s i d e .  T h i s  
e q u i l i b r i u m  c a n  b e  m a i n t a i n e d  f o r  a  c o n s i d e r a b l e  t i m e ,  w h i c h  
v a r i e s  i n  d i f f e r e n t  i n d i v i d u a l s .  T h e  p o i n t  o f  e q u i l i b r i u m  i s ,  
h o w e v e r ,  n o t  o n e  o f  s a f e t y ,  f o r  t h e  d i f f e r e n c e  b e t w e e n  t h e  
a m o u n t  o f  c h l o r o f o r m  i n  t h e  b l o o d  t h r o u g h o u t  t h i s  s t a g e  a n d  
d e a t h  i s  v e r y  s m a l l .
A t  t h e  s a m e  t i m e ,  a s  a b s o r p t i o n  o f  t h e  a n æ s t h e t i c  i s  g o i n g  
o n ,  e l i m i n a t i o n  i s  a l s o  t a k i n g  p l a c e ,  a n d ,  a s  i n  t h e  c a s e  o f  
a b s o r p t i o n ,  t h i s  d o e s  n o t  t a k e  p l a c e  a t  a  u n i f o r m  r a t e .
T h e  r a t e  o f  e l i m i n a t i o n  t o  s o m e  e x t e n t  d e p e n d s  u p o n  t h e  
c o n d i t i o n  o f  t h e  a n i m a l  u n d e r  e x p e r i m e n t ,  b u t  g e n e r a l l y  i t  
m a y  b e  t a k e n  t h a t  t h e  r a t e  o f  o u t p u t  i s  r a p i d  a t  f i r s t  a n d  s l o w e r  
a f t e r .  W h e n  t h e  p o i n t  o f  e q u i l i b r i u m  r e f e r r e d  t o  a b o v e  i s  
r e a c h e d ,  a  v e r y  s m a l l  a d m i n i s t r a t i o n  o f  t h e  d r u g  i s  a l l  t h a t  i s  
n e c e s s a r y  t o  k e e p  t h e  a n i m a l  a n æ s t h e t i s e d — t h a t  i s  t o  s a y ,  
b o t h  a b s o r p t i o n  a n d  e l i m i n a t i o n  a r e  s l o w .  T h e  i n i t i a l  r a t e  o f  
e l i m i n a t i o n  i s  s l o w e r  t h a n  t h e  i n i t i a l  r a t e  o f  a s s u m p t i o n ,  s o  
t h a t ,  a s  p o i n t e d  o u t  b e f o r e ,  t h e  b l o o d  i s  a l l  t h e  t i m e  b e c o m i n g  
m o r e  c h a r g e d  w i t h  c h l o r o f o r m .
A f t e r  t h e  a d m i n i s t r a t i o n  i s  s t o p p e d  t h e  r a t e  o f  e l i m i n a t i o n  
i s  a t  f i r s t  v e r y  r a p i d  ; i n d e e d ,  a c c o r d i n g  t o  N i c l o u x , ^ ^  h a l f  t h e  
c h l o r o f o r m  c o n t e n t  i s  e l i m i n a t e d  i n  t h e  f i r s t  f i v e  m i n u t e s  
i n  d o g s .  B u c k m a s t e r  a n d  G a r d n e r  f o u n d  t h a t  h a l f  t h e  
c h l o r o f o r m  c o n t e n t  w a s  e l i m i n a t e d  i n  f i f t e e n  t o  t w e n t y  
m i n u t e s  i n  c a t s ,  a n d  i n  r a b b i t s  P a t o n  a n d  M i s s  L i n d s a y  
f o u n d  t h a t  i n  d o g s  m o r e  t h a n  h a l f  t h e  c h l o r o f o r m  w a s  
e l i m i n a t e d  i n  t w e n t y - f i v e  m i n u t e s .
Milligrammes o f chloroform p e r  lO O  gra m m es o f arberial blood
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T h e  r e m a i n i n g  p a r t  w a s  e l i m i n a t e d  a t  v a r y i n g  r a t e s .  I n  
s o m e  i n s t a n c e s  v e r y  l i t t l e  s i g n  o f  c h l o r o f o r m  w a s  f o u n d  a f t e r  
t w o  h o u r s ,  a l t h o u g h  i n  o t h e r s  a b o u t  20  m g .  p e r  c e n t  w a s  
f o u n d — a n  a m o u n t  e q u a l  t o  a b o u t  o n e - h a l f  o f  w h a t  w a s  
r e q u i r e d  t o  p r o d u c e  f u l l  a n æ s t h e s i a .  I t  i s  o f  i n t e r e s t  t o  
n o t e  t h a t  i n  t h e s e  c a s e s  t h e  a n i m a l s  w e r e  k e p t  i n  s m a l l  
c a g e s  a n d  a t  r e s t .
A f t e r  m o r e  t h a n  t h r e e  h o u r s  a  r e l a t i v e l y  l a r g e  a m o u n t  m a y
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F ig. 2.
Curves showing the rate of assumption and elimination of chloroform when given in the three 
ways indicated (Paton and Miss Lindsay).
By inhalation. 
By injection. 
By stomach.
s t i l l  r e m a i n .  S u c h  i n s t a n c e s  m a y  p r o b a b l y  b e  c o n s i d e r e d  a b ­
n o r m a l ,  a n d  w e  m a y  t a k e  i t  t h a t  n o r m a l l y  t h e  e l i m i n a t i o n  o f  
c h l o r o f o r m ,  w h e n  g i v e n  t h r o u g h  t h e  r e s p i r a t o r y  t r a c t ,  i s  c o m ­
p a r a t i v e l y  r a p i d ,  p a r t i c u l a r l y  i f  t h e  a d m i n i s t r a t i o n  h a s  b e e n  
o f  s h o r t  d u r a t i o n .
W h e n  c h l o r o f o r m  i s  g i v e n  i n  w a y s  o t h e r  t h a n  t h r o u g h  t h e
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r e s p i r a t o r y  t r a c t ,  t h e  r a t e s ,  b o t h  o f  a b s o r p t i o n  a n d  e l i m i n a ­
t i o n ,  a r e  v e r y  d i f f e r e n t .
I t  i s  w e l l  t o  l o o k  i n t o  t h e s e  p o i n t s ,  f o r  i t  i s  q u i t e  a  c o m m o n  
t h i n g  f o r  c h l o r o f o r m  i n  o n e  f o r m  o r  a n o t h e r  t o  b e  g i v e n  b y  
t h e  s t o m a c h ,  a s  f l a v o u r i n g  a g e n t  i n  a  m i x t u r e ,  o r  f o r  i t s  
s o o t h i n g  e f f e c t  i n  c o u g h ,  & c . ,  a n d  G i a n i ^ ^  h a s  r e c e n t l y  
p u b l i s h e d  a  p a p e r  a d v o c a t i n g  i t s  u s e  a s  a n  a n æ s t h e t i c  i n  
t h e  f o r m  o f  i n t r a v e n o u s  i n j e c t i o n .
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F ig. 3.
Curves showing the distribution of the urinary nitrogen after chloroform administered by the
stomach (Paton).
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F i g .  2  s h o w s  t h e  m u c h  s l o w e r  r a t e  o f  a s s u m p t i o n  
o f  c h l o r o f o r m  w h e n  g i v e n  b y  t h e  m o u t h  o r  h y p o d e r m i c a l l y ,  
a n d  a l s o  i n d i c a t e s  t h e  v e r y  m u c h  g r e a t e r  l e n g t h  o f  t i m e  
r e q u i r e d  b e f o r e  e l i m i n a t i o n  i s  a n y t h i n g  l i k e  c o m p l e t e .
T h e  m a x i m a l  a m o u n t  i n  t h e  b l o o d  i s  n o t  r e a c h e d  u n t i l  
a b o u t  f o u r  h o u r s  a f t e r  a d m i n i s t r a t i o n  b y  t h e  s t o m a c h ,  a n d  
n o t  u n t i l  a b o u t  f i v e  h o u r s  a f t e r  i n j e c t i o n .
T h u s  w h e n  a d m i n i s t e r e d  i n  e i t h e r  o f  t h e s e  l a t t e r  w a y s  t h e
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t i s s u e s  a r e  a f f e c t e d  b y  c h l o r o f o r m  f o r  a  v e r y  m u c h  l o n g e r  
t i m e  t h a n  w h e n  t h e  d r u g  i s  g i v e n  i n  t h e  m o r e  o r d i n a r y  w a y .  
T h i s  p o i n t  i s  o f  v e r y  g r e a t  i m p o r t a n c e ,  a s  w e  s h a l l  s e e  w h e n  
w e  e x a m i n e  t h e  e f f e c t s  u p o n  m e t a b o l i s m  a n d  u p o n  t h e  t i s s u e s  
t h e m s e l v e s .
W h e n  c h l o r o f o r m  i s  a d m i n i s t e r e d  t h r o u g h  t h e  r e s p i r a t o r y  
p a s s a g e s  t h e  e f f e c t  u p o n  m e t a b o l i s m  i s  a t  b e s t  b u t  s l i g h t .  
T h e s e  e f f e c t s ,  i f  p r e s e n t ,  w o u l d  b e  i n d i c a t e d ,  i n  d e g r e e  a t  l e a s t ,  
b y  c h a n g e s  i n  t h e  e x c r e t i o n  o f  t h e  p r o d u c t s  o f  d i s i n t e g r a ­
t i o n  i n  t h e  u r i n e .
Q u a n t i t a t i v e  c h a n g e  i n  t h e  p r o t e i n  b r o k e n  u p  w o u l d  b e  
s h o w n  b y  a l t e r a t i o n s  i n  t h e  a m o u n t  o f  n i t r o g e n  e x c r e t e d ,  
w h i l e  q u a n t i t a t i v e  c h a n g e s  w o u l d  b e  i n d i c a t e d  b y  a l t e r a t i o n s  
i n  t h e  d i s t r i b u t i o n  o f  t h e  e x c r e t e d  n i t r o g e n  a n d  s u l p h u r  i n  
t h e  c o n s t i t u e n t s  o f  t h e  u r i n e  c o n t a i n i n g  t h e s e  e l e m e n t s .  I n  
e x p e r i m e n t s  p e r f o r m e d  i n  d o g s  b y  N o ë l  P a t o n  a n y  e f f e c t  
t h a t  f o l l o w e d  t h e  a d m i n i s t r a t i o n  b y  i n h a l a t i o n  w a s  o f  t h e  
n a t u r e  o f  a  s t i m u l a t i o n  o f  t h e  h e p a t i c  m e t a b o l i s m .  T h i s  
s h o w e d  i t s e l f  i n  a n  i n c r e a s e d  c o n v e r s i o n  o f  a m m o n i a  t o  u r e a .  
T h u s  t h e  p r o p o r t i o n  o f  N  a s  u r e a  r e m a i n e d  u n c h a n g e d  o r  
s l i g h t l y  i n c r e a s e d ,  w h i l e  t h e  N i t r o g e n  i n  N H g  w a s  u n c h a n g e d  
o r  s l i g h t l y  d e c r e a s e d .
W h e n  g i v e n  b y  t h e  s t o m a c h  t h e  p r o t e i n  d i s i n t e g r a t i o n  c a u s e d  
b y  t h e  a d m i n i s t r a t i o n  o f  c h l o r o f o r m  i s  v e r y  g r e a t l y  i n c r e a s e d ,  
p a r t i c u l a r l y  o n  t h e  d a y  o f  o r  t h e  d a y  a f t e r  t h e  a d m i n i s t r a t i o n .  
A f t e r  a  d a y  o r  t w o  t h e  p r o p o r t i o n s  o f  t h e  v a r i o u s  N ,  c o n ­
t a i n i n g  s u b s t a n c e s  i n  t h e  u r i n e ,  u n d e r g o  m a r k e d  c h a n g e s ,  
t h e  u r e a  N  d i m i n i s h e s ,  t h e  N B 3 N  i n c r e a s e s ,  a n d  l a t e r  t h e  
r e s i d u a l  N  i n c r e a s e s  ( F i g .  3 ) .  T h e  i n c r e a s e  i n  t h e  l a t t e r  i s  
q u i t e  m a r k e d ,  a n d  P a t o n  s u g g e s t s  t h a t  i t  p r o b a b l y  r e p r e s e n t s  
t h e  a p p e a r a n c e  o f  a m i n o  a c i d s .  T h e  p r o p o r t i o n  o f  u n o x i ­
d i s e d  S  t o  t o t a l  S  s h o w s  a  d i s t i n c t  f a l l .
W i t h  t h e  i d e a  o f  t h r o w i n g  s o m e  l i g h t  u p o n  t h e  n a t u r e  
o f  t h e  p r o d u c t s  f o r m i n g  t h e  r e s i d u a l  N ,  a n d  t h u s  t e s t i n g  
P a t o n ’s  h y p o t h e s i s  a s  r e g a r d s  t h e  p r e s e n c e  o f  a m i n o  a c i d s .  
M i s s  L i n d s a y  h a s  r e c e n t l y  p u b l i s h e d  a  s e r i e s  o f  c o m p l e t e  
a n a l y s e s .  E x p e r i m e n t i n g  o n  t h r e e  d o g s  s h e  f o u n d ,  i n  
a d d i t i o n  t o  t h e  i n c r e a s e  i n  t o t a l  n i t r o g e n  a n d  t h e  d i m i n u ­
t i o n  i n  u r e a  n i t r o g e n ,  w i t h  r i s e  i n  N H ^  n i t r o g e n ,  t h a t  t h e  
r e s i d u a l  N  c o u l d  b e  d i v i d e d  i n t o  a l l a n t o i n  N ,  a m i n o  a c i d  
N ,  c r e a t i n i n  N ,  a n d  c r e a t i n  N  w i t h  a  s m a l l  p e r c e n t a g e  o f  
u n d e t e r m i n e d  n i t r o g e n .
A  s l i g h t  r i s e  i n  a l l a n t o i n  N  i s  n o t e d ,  w h i c h  i s  p r o b a b l y  
c a u s e d  b y  t h e  t o x i c  a c t i o n  o f  t h e  d r u g  u p o n  t h e  l i v e r  c e l l s .
T h e  a m i n o  a c i d  N  r o s e  i n  e a c h  c a s e ,  t h e  r i s e  g e n e r a l l y
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b e i n g  i n  m o n - a m i n o  a c i d s ,  b u t  i n  o n e  c a s e  t h e  r i s e  w a s  
p r o b a b l y  d u e  t o  i n c r e a s e  i n  d i - a m i n o  a c i d s  a n d  p o l y p e p t i d e s .  
T h e  c r e a t i n i n  N  r e m a i n e d  p r a c t i c a l l y  u n c h a n g e d ,  b u t  c r e a t i n  
a p p e a r e d  i n  t h e  u r i n e  t w o  o r  t h r e e  d a y s  a f t e r  t h e  a d m i n i ­
s t r a t i o n s .  T h i s  d i s t u r b a n c e  o f  t h e  c r e a t i n  m e t a b o l i s m  i s  
a s s o c i a t e d  w i t h  t h e  d i s t u r b a n c e  i n  t h e  h e p a t i c  f u n c t i o n s ,  a n d  
U n d e r h i l l  a n d  K l e i n e r  ^  f o u n d  f a t t y  d e g e n e r a t i o n  a n d  c r e a t i n  
e x c r e t i o n  f o l l o w i n g  i n j e c t i o n  o f  h y d r o g e n  s u l p h a t e ,  w h i l e  
M e l l a n b y ^ i  f o u n d  c r e a t i n  i n  c o n s i d e r a b l e  a m o u n t  i n  c a s e s  
o f  c a r c i n o m a  o f  t h e  l i v e r .  T h e  a m o u n t  o f  c r e a t i n  i n  t h e  u r i n e  
m a y  b e  t a k e n ,  a c c o r d i n g  t o  H o o g e h h e r y z e  a n d  V e r p l o e g h , ^ ^  
a s  a n  i n d i c a t i o n  o f  t h e  e x t e n t  o f  t h e  h e p a t i c  d i s t u r b a n c e .
T h e  u n d e t e r m i n e d  n i t r o g e n  p r o b a b l y  r e p r e s e n t s  d i - a m i n o  
a c i d s  a n d  p o l y p e p t i d e s .
T h e s e  e f f e c t s  u p o n  t h e  m e t a b o l i s m  s u g g e s t  t h a t  w h e n  g i v e n  
b y  t h e  m o u t h  c h l o r o f o r m  e x e r t s  a  t o x i c  a c t i o n  u p o n  t h e  
l i v e r  c e l l s ,  n o t a b l y ,  a  d a y  o r  t w o  a f t e r  t h e  a d m i n i s t r a t i o n .  
T h e  u r i n e  a l s o  s h o w s  t h e  p r e s e n c e  o f  t u b e - c a s t s ,  r e n a l  
e p i t h e l i u m  a n d  p r o t e i n ,  s o  t h a t  t h e  k i d n e y  i s  a f f e c t e d  a l s o .  
T h i s  i s  m u c h  l e s s  m a r k e d  w h e n  c h l o r o f o r m  i s  g i v e n  a s  a n  
i n h a l a t i o n .
W h e n  c h l o r o f o r m  i s  g i v e n  h y p o d e r m i c a l l y  i t  a c t s  i n  t h e  
s a m e  w a y  a s  w h e n  g i v e n  b y  t h e  m o u t h ,  b u t  n o t  s o  m a r k e d l y .  
T h e  t o x i c  e f f e c t  u p o n  t h e  l i v e r  c e l l s  d o e s  n o t  a p p e a r  t o  b e  
a s  g r e a t  a s  w h e n  t h e  d r u g  i s  g i v e n  b y  t h e  m o u t h .  T h e r e  m a y  b e  
a  f a l l  i n  u r i n e  N ,  w i t h  a  r i s e  i n  r e s i d u a l  N  a n d  i n  a m m o n i a  
N ,  b u t  i n  o t h e r  i n s t a n c e s  t h e r e  m a y  b e  n o  d e f i n i t e  c h a n g e  
i n  t h e  n i t r o g e n  e x c r e t i o n .
T h u s  i t  w o u l d  s e e m  a s  i f  t h e  r a p i d  a s s u m p t i o n  o f  c h l o r o f o r m ,  
w h e n  a d m i n i s t e r e d  t h r o u g h  t h e  l u n g s ,  a n d  t h e  r e l a t i v e l y  
r a p i d  e l i m i n a t i o n ,  s t i m u l a t e  t h e  h e p a t i c  m e t a b o l i s m  ; w h e r e a s  
t h e  c h l o r o f o r m ,  m o r e  s l o w l y  a b s o r b e d  a n d  e l i m i n a t e d ,  a n d  
t h e r e f o r e  h a v i n g  a  m u c h  m o r e  p r o l o n g e d  a c t i o n  w h e n  g i v e n  
b y  t h e  m o u t h  o r  h y p o d e r m i c a l l y ,  l e a d s  t o  a n  a c t u a l  i n j u r y  
o f  t h e  l i v e r  a n d  k i d n e y  c e l l s .
A n o t h e r  e l e m e n t  m a y  i n f l u e n c e  t h e  r a p i d i t y  o f  a s s u m p t i o n  
a n d  e l i m i n a t i o n  o f  t h e  d r u g .  M o o r e  a n d  R o a f  {loc. cit.) h a v e  
s h o w n  t h a t  c h l o r o f o r m  i s  r e l a t i v e l y  v e r y  s o l u b l e  i n  b l o o d  
p l a s m a ,  a n d  i t  a p p e a r s  p o s s i b l e  t h a t  t h e  s o l u b i l i t y  o f  
c h l o r o f o r m  i n  p l a s m a  p l a y s  a  p a r t  i n  i t s  e l i m i n a t i o n .  F o r  
e x a m p l e ,  t h e  c h l o r o f o r m ,  c o m b i n e d  w i t h  t h e  l i p o i d s  o f  t h e  
c o r p u s c l e s  a f t e r  i n h a l a t i o n ,  a p p e a r s  t o  b e  l o o s e l y  c o m b i n e d ,  
a n d ,  c o n s e q u e n t l y ,  t h e  c h l o r o f o r m  i s  f a i r l y  r a p i d l y  e l i m i n a t e d ,  
m o r e  t h a n  5 0  p e r  c e n t  w i t h i n  h a l f  a n  h o u r  o f  t h e  c e s s a t i o n  o f  
t h e  a d m i n i s t r a t i o n .
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W h e n  g i v e n  b y  s t o m a c h  o r  h y p o d e r m i c a l l y  t h e  a s s u m p t i o n  
o f  t h e  d r u g  i s  s l o w ,  a n d  a s  t h e  d r u g  i s  a b s o r b e d  i n t o  t h e  
b l o o d - s t r e a m  i t s e l f  i t  s e e m s  p r o b a b l e  t h a t  a  q u a n t i t y  o f  
i t  w i l l  r e m a i n  d i s s o l v e d  o r  f i x e d  i n  t h e  p l a s m a ,  a n d ,  c o n s e -  
s e q u e n t l y ,  i t s  d e s t r u c t i v e  a c t i o n  u p o n  l i v e r  a n d  k i d n e y  c e l l s  
w i l l  b e  m u c h  m o r e  m a r k e d .
D u r i n g  a n æ s t h e s i a  f r o m  i n h a l i n g  c h l o r o f o r m ,  a t  l e a s t  
12 p e r  c ê n t  o f  t h e  c h l o r o f o r m  i n  t h e  b l o o d  i s  f o u n d  i n  t h e  
p l a s m a ,  a n d  i t  m a y  p o s s i b l y  b e  t h i s  s m a l l  p e r c e n t a g e  w h i c h ,  
i n  s o m e  a n i m a l s  r e f e r r e d  t o  b y  N o ë l  P a t o n  a n d  M i s s  
L i n d s a y ,  a p p e a r e d  i n  t h e  b l o o d  t h r e e  o r  m o r e  h o u r s  a f t e r  
t h e  w i t h d r a w a l  o f  t h e  a n æ s t h e t i c . *
T h e  i n f l u e n c e s  o f  c h l o r o f o r m  u p o n  m e t a b o l i s m  h a v i n g  b e e n  
t h u s  b r i e f l y  r e f e r r e d  t o ,  I  w i s h  t o  d i r e c t  y o u r  a t t e n t i o n  t o  t h e  
e f f e c t s  o f  t h e  d r u g  u p o n  t h e  v a r i o u s  t i s s u e s ,  a s  t h e s e  e x p l a i n  i n  
g r e a t  p a r t  t h e  i n f l u e n c e  u p o n  m e t a b o l i s m .
I n  t h e  f i r s t  p l a c e  t h e  c h l o r o f o r m  i s  a b s o r b e d  i n t o  t h e  b l o o d ­
s t r e a m ,  a n d  w e  h a v e  i t s  s t i m u l a t i n g  o r  i t s  t o x i c  a c t i o n  f i r s t  
u p o n  t h e  b l o o d - c e l l s .  In  vitro c h l o r o f o r m  i s  f o u n d  t o  
c a u s e  l a k i n g  o f  t h e  b l o o d ,  o w i n g  t o  t h e  s o l u t i o n  o f  t h e  l i p o i d s  
o f  t h e  r e d  c e l l s .  T h i s ,  h o w e v e r ,  i s  w i t h  s t r o n g  s o l u t i o n s  o f  
c h l o r o f o r m .  W h e n  a d m i n i s t e r e d  i n  t h e  t h r e e  w a y s  d e s c r i b e d  
b e f o r e ,  I  h a v e  f o u n d  e x p e r i m e n t a l l y  t h a t  a  r i s e  i n  t h e  n u m b e r  
o f  r e d  c o r p u s c l e s  p e r  c . m m .  f o l l o w s  n e x t  d a y ,  a n d  p e r s i s t s  f o r  
s o m e  d a y s .
T h e r e  d o e s  n o t  a p p e a r  t o  b e  a  s i m i l a r  i n c r e a s e  i n  l e u c o c y t e s ,  
a n d  D a w s o n i n  t w o  d o g s ,  f o u n d  a  s l i g h t  f a l l .  T h i s  m a y ,  
i n  m e a s u r e ,  b e  e x p l a i n e d  b y  t h e  e x u d a t i o n  o f  l e u c o c y t e s  
i n t o  t h e  r e n a l  t u b u l e s ,  a s  r e f e r r e d  t o  b y  T h o m p s o n .^ ^
L a s t  y e a r  I  m a d e  a  l a r g e  n u m b e r  o f  e x p e r i m e n t s  u p o n  
r a b b i t s  w i t h  t h e  o b j e c t  o f  f i n d i n g  i f  t h e  i n c r e a s e  i n  r e d  
c o r p u s c l e s  w a s  d u e  t o  c o n c e n t r a t i o n  o f  t h e  b l o o d ,  b u t  a r r i v e d  
a t  n o  d e f i n i t e  r e s u l t .  T h e  r i s e  i n  r e d  c o r p u s c l e s  i n  t h e  r a b b i t  
i s  l a r g e ,  a m o u n t i n g  a t  t i m e s  t o  a s  m u c h  a s  2 5  p e r  c e n t ,  
c o u n t i n g  b y  t h e  T h o m a - Z e i s s  h æ m o c y t o m e t e r ,  a n d  o c c u r r e d  
a l m o s t  i n v a r i a b l y  a f t e r  a d m i n i s t r a t i o n .  I n  t h e  s m a l l  n u m b e r  
o f  c a s e s  w h i c h  d i d  n o t  s o  r e a c t  m o s t  o f  t h e  a n i m a l s  d i e d  v e r y  
s h o r t l y  a f t e r .  T h e  i n c r e a s e  a f t e r  i n j e c t i o n  o r  a d m i n i s t r a t i o n  
b y  t h e  m o u t h  w a s  g r e a t e r  t h a n  w h e n  t h e  d r u g  w a s  i n h a l e d .  
T h e  i n c r e a s e  i s  p r o b a b l y  d u e  t o  t h e  l a r g e  l o s s  o f  w a t e r  i n  
t h e  u r i n e  f o l l o w i n g  t h e  a d m i n i s t r a t i o n ,  a s  o b s e r v e d  b y
* Since delivering this lecture, the author and M iss Lindsay have 
definitely determined that the proportion of chloroform in the plasma 
is very much greater when the drug is given hypodermically than when 
inhaled.
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T h o m p s o n  (loc. cit.). M i c r o s c o p i c a l l y  t h e  r e d  c e l l s  s h o w e d  
s i g n s  o f  d e g e n e r a t i o n  i n  s o m e  i n s t a n c e s ,  a n d  t h e  v a r i e d  s i z e  o f  
t h e  e r y t h r o c y t e s  a n d  t h e  a c t i v i t y  o f  t h e  b o n e - r n a r r o w  s u g g e s t
TABLE I.*—SHOWING AVERAGE NUMBER IN MILLIONS OF CORPUSCLES 
PER C.MM. AFTER CHLOROFORM GIVEN IN THE WAY INDICATED.
Inhalation. By Stomach. Injection.
Day of administration. 6-3 5 8 5 9
1st day after, . . . . 7 2 7 3 7 4
2nd day after, . . . . 7 1 6-9 6 8
3rd day after, . . . . 6-7 6 8 6 5
4th day after, . . . . 61 6 9 6 4
t h a t  t h e  b l o o d - f o r m i n g  t i s s u e  w a s  a c t i v e l y  f o r m i n g  c e l l s  t o  
m a k e  u p  f o r  t h o s e  i n j u r e d  b y  t h e  a d m i n i s t r a t i o n .  
T h e  t a b l e  ( I )  s h o w s  t h e  a v e r a g e  r i s e  a n d  f a l l  a f t e r  
a d m i n i s t r a t i o n  i n  t h e  t h r e e  d i f f e r e n t  w a y s .  I n  t h e  i n h a l a t i o n
TABLE II.*—ADMINISTRATION BY INHALATION.
No.
Day.
1st. 2nd. 3rd. 4th. 5th. 6th. 7th. 8th. 9th. loth .
6 1470 1450
7 950 920 860 770 — — — . — — -
8 2250 2250 2120 — — — — — — —
12 1850 1725 1750 1780 1880 1855 1850 1870 1855 1750
20 2300 2275 2270 2270 2250 2200 2400 — — •---- -
22 2050 1975 1950 1900 1850 1850 1800 1750 1700 1625*
24 2250 2170 2250 2150 2250 2250 2100 2150 — —
26 1600 1600 1700 1750 1750 1750 1700 — — —
27 1650 1600 1550 1700 1750
30 2050 1950 1800 1670 1600 — — — — —
32 2370 2270 2260 2250 2300 2100 2050 1950 1925 19501
36 1600 1550 1550 1550 1600 1600
* Survived for one month. Weight at death 1400 grammes, 
t Survived for two months. W eight at death 1840 grammes.
e x p e r i m e n t s  c h l o r o f o r m  w a s  e x h i b i t e d  f o r  p e r i o d s  v a r y i n g  
f r o m  f i f t e e n  m i n u t e s  t o  o n e  h o u r .  G i v e n  b y  t h e  s t o m a c h ,  
o r  i n j e c t e d  h y p o d e r m i c a l l y ,  1 c . c .  w a s  a d m i n i s t e r e d .
* These tables are reprinted by kind permission of the editor of 
The Lancet.
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I n  a d d i t i o n  t o  t h e s e  e f f e c t s  u p o n  t h e  b l o o d  w e  h a v e  e f f e c t s  
u p o n  t h e  l i v e r ,  k i d n e y ,  s p l e e n ,  a n d  h e a r t  w h i c h  h a v e  t o  b e  
c o n s i d e r e d  h i s t o l o g i c a l l y  ; b u t  f i r s t  I  w i s h  t o  d r a w  a t t e n t i o n  t o  
t h e  e f f e c t s  o f  c h l o r o f o r m  u p o n  u r i n a r y  s e c r e t i o n  a t  t h e  
t i m e  o f  a d m i n i s t r a t i o n  a n d  i m m e d i a t e l y  a f t e r .  A c c o r d i n g  
t o  T h o m p s o n ,  w h o  c o n d u c t e d  a  s e r i e s  o f  e x p e r i m e n t s  o n  
d o g s ,  w h i c h  w e r e  a n æ s t h e t i s e d  b y  i n h a l a t i o n  f o r  p e r i o d s  o f  
f r o m  t w o  t o  f o u r  h o u r s ,  t h e  q u a n t i t y  o f  u r i n e  s e c r e t e d  
i n c r e a s e s  d u r i n g  t h e  e a r l y  s t a g e s  w h e n  t h e  a n æ s t h e s i a  i s  l i g h t ,  
b u t  i s  d i m i n i s h e d  o r  s u p p r e s s e d  d u r i n g  f u l l  a n æ s t h e s i a .
D u r i n g  c h l o r o f o r m  a n æ s t h e s i a  t h e  u r i n e  s e c r e t e d  i s  i n v a r i ­
a b l y  m o r e  d i l u t e  t h a n  n o r m a l ,  e v e n  w i t h  d i m i n i s h e d  a m o u n t .  
H e  f i n d s  t h a t  t h e r e  i s  a  g e n e r a l  b u t  n o t  a c c u r a t e  c o r r e s ­
p o n d e n c e  b e t w e e n  u r i n e  o u t f l o w ,  k i d n e y  v o l u m e ,  a n d  b l o o d  
p r e s s u r e .  A f t e r  t h e  r e m o v a l  o f  t h e  a n æ s t h e t i c  t h e  a m o u n t  
o f  u r i n e  s e c r e t e d  i n c r e a s e s  g r e a t l y ,  s o m e t i m e s  a s  m u c h  a s  
f o u r  t i m e s  t h e  n o r m a l .  T h e  m a x i m u m  o u t f l o w  o c c u r s  a b o u t  
t h r e e  h o u r s  a f t e r  r e m o v a l  o f  t h e  a n æ s t h e t i c .  T h o m p s o n  
r e p o r t s  a l s o  c o n s i d e r a b l e  e x u d a t i o n  o f  l e u c o c y t e s  i n t o  t h e  
r e n a l  t u b u l e s ,  p a r t i c u l a r l y  a f t e r  p r o l o n g e d  n a c r o s i s .
A l b u m e n  a n d  r e d u c i n g  s u b s t a n c e s ,  o t h e r  t h a n  g l u c o s e ,  
i n  i n c r e a s e d  a m o u n t s  a r e  f r e q u e n t l y  f o u n d ,  a n d  t h e  e x c r e ­
t i o n  o f  c h l o r i d e s  i s  m u c h  i n c r e a s e d ,  b o t h  d u r i n g  a n d  a f t e r  
a n æ s t h e s i a .
T h i s  s u m m a r i s e s  t h e  e f i e c t  o f  c h l o r o f o r m  u p o n  k i d n e y  e x c r e ­
t i o n ,  a n d  w e  h a v e  t o  t u r n  t o  h i s t o l o g i c a l  i n v e s t i g a t i o n  t o  f i n d  
c a u s e s  f o r  t h e  m e t a b o l i c  a n d  e x c r e t o r y  d i s t u r b a n c e s  w h i c h  
h a v e  b e e n  r e f e r r e d  t o .  I n  e x p e r i m e n t s  p e r f o r m e d  b y  t h e  
a u t h o r  t h e  e f f e c t s  u p o n  t h e  v a r i o u s  t i s s u e s  v a r i e d  c o n s i d e r ­
a b l y  w i t h  t h e  m a n n e r  o f  a d m i n i s t r a t i o n  a n d  w i t h  t h e  a m o u n t  
g i v e n .  W h e n  a d m i n i s t e r e d  b y  i n h a l a t i o n  f o r  a  s h o r t  p e r i o d  
a  c o m p a r a t i v e l y  s l i g h t  c h a n g e  w a s  a l l  t h a t  w a s  s e e n ,  e x c e p t  
i n  r a r e  i n s t a n c e s .  A  s m a l l  d e g r e e  o f  c l o u d y  s w e l l i n g  w a s  
f r e q u e n t l y  s e e n  i n  k i d n e y  a n d  l i v e r  c e l l s ,  b u t  t h i s  w a s  a b s e n t  
a  d a y  a f t e r  t h e  a d m i n i s t r a t i o n .
W h e n  c h l o r o f o r m  w a s  a d m i n i s t e r e d  t o  r a b b i t s  b y  t h e  
s t o m a c h  t h e  m o r t a l i t y  w a s  v e r y  g r e a t ,  a n d  i n  t h o s e  a n i m a l s  
w h i c h  s u r v i v e d  e x t e n s i v e  c h a n g e s  i n  t h e  l i v e r  a n d  k i d n e y s  
w e r e  i n v a r i a b l y  f o u n d  s o o n  a f t e r  t w o  h o u r s .
T h e  k i d n e y  t i s s u e  s h o w e d  m a r k e d  d e g e n e r a t i v e  c h a n g e s .  
T h e  t u b u l e s  w e r e  f r e q u e n t l y  f o u n d  t o  b e  c h o k e d  w i t h  
a l b u m i n o u s  déblais. T h e  c e l l s  w e r e  b r o k e n  d o w n ,  a n d  t h e  
n u c l e i  s t a i n e d  u n e q u a l l y ,  s o m e  t a k i n g  t h e  b a s i c  s t a i n  v e r y  
b a d l y .  G r a n u l e s  g i v i n g  a  p o s i t i v e  r e a c t i o n  f o r  f a t  w e r e  f o u n d  
i n  l a r g e  q u a n t i t i e s .  S i g n s  o f  h æ m o r r h a g e  w e r e  f r e q u e n t l y
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f o u n d ,  a n d  i n  t h e  c e l l s  l i n i n g  t h e  t u b u l e s  a d j a c e n t  t o  t h e  
h æ m o r r h a g e s  d a r k  g r a n u l e s  o f  h æ m o s i d e r i n  w e r e  f o u n d .
S t i l l  g r e a t e r  c h a n g e s  w e r e  f o u n d  i n  t h e  l i v e r .
I n  t h e  a n i m a l s  w h i c h  s u f f e r e d  m o s t  t h e  c e n t r e  o f  t h e  l i v e r  
l o b u l e  w a s  f o u n d  t o  b e  b r o k e n  d o w n  i n t o  a  c h e e s y  m a s s  
s h o w i n g  n o  s i g n s  o f  l i v e r  t i s s u e ,  a n d  c o n t a i n i n g  l a r g e  m a s s e s  
o f  débris  g i v i n g  a  p o s i t i v e  r e a c t i o n  f o r  f a t .  T h e  p e r i p h e r y  o f  
t h e s e  l o b u l e s  i n v a r i a b l y  s h o w e d  c e l l s  c l o s e l y  r e s e m b l i n g  
n o r m a l  l i v e r  c e l l s ,  w h i l e  t h e  i n t e r m e d i a t e  z o n e  s h o w e d  c e l l s  
i n  v a r i o u s  s t a g e s  o f  d e g e n e r a t i o n .
I n  a n i m a l s  t h a t  w e r e  s o m e w h a t  l e s s  a f f e c t e d  b y  t h e  d r u g ,  
o r  w h i c h  w e r e  k i l l e d  s o o n  a f t e r  t h e  a d m i n i s t r a t i o n ,  t h e  c e l l s  
i n  t h e  c e n t r e  o f  t h e  l o b u l e s  w e r e  f o u n d  t o  b e  m a r k e d l y  
d e g e n e r a t e d ,  w h i l e  t h e  i n t e r m e d i a t e  z o n e  c e l l s  w e r e  l e s s  s o ,  
a n d  t h e  p e r i p h e r a l  c e l l s ,  t o  a l l  a p p e a r a n c e ,  v e r y  s l i g h t l y  
i n j u r e d .
W h e n  a d m i n i s t e r e d  s u b c u t a n e o u s l y  t h e  c h a n g e s  c a u s e d  b y  
t h e  c h l o r o f o r m  a r e  i n t e r m e d i a t e  b e t w e e n  t h o s e  s l i g h t  o n e s  
s e e n  a f t e r  i n h a l a t i o n  a n d  t h e  e x t e n s i v e  d e g e n e r a t i o n  s e e n  
a f t e r  a d m i n i s t r a t i o n  b y  t h e  s t o m a c h .
C h l o r o f o r m  i n  d o s e s  s u c h  a s  w e r e  g i v e n  i n  t h e  s e r i e s  o f  
e x p e r i m e n t s  c a u s e d  e n o r m o u s  d e g e n e r a t i v e  c h a n g e s  i n  t h e  
k i d n e y  a n d  l i v e r  c e l l s  w h e n  a d m i n i s t e r e d  b y  s t o m a c h ,  a n d  
s o m e w h a t  l e s s  s o  w h e n  i n j e c t e d .  T h i s  a c c o r d s  w i t h  t h e  
r e s u l t s  o b t a i n e d  b y  D o y o n .^ ®  T h e s e  f a c t s  e x p l a i n  t h e  m e t a ­
b o l i c  c h a n g e s  a l r e a d y  o b s e r v e d .  T h e  s l i g h t  c h a n g e s  s e e n  
a f t e r  i n h a l a t i o n  o f  t h e  d r u g  f o r  a  s h o r t  t i m e  a r e  i n  k e e p i n g  
w i t h  t h e  s l i g h t  m e t a b o l i c  c h a n g e s  r e f e r r e d  t o  b e f o r e .  A s  
t o  t h e  p r o b a b l e  r e a s o n  f o r  t h e s e  d i f f e r e n t  e f f e c t s  w h e n  c h l o r o ­
f o r m  i s  i n h a l e d ,  t h e  p r o p o r t i o n  o f  c h l o r o f o r m  i n  t h e  b l o o d  
r i s e s  r a p i d l y ,  a n d  f a l l s  f a i r l y  r a p i d l y .  A s s u m p t i o n  a n d  
e l i m i n a t i o n  a r e  b o t h  r a p i d ,  a n d  t h e  t i s s u e s  a r e  a f f e c t e d  f o r  
a  c o m p a r a t i v e l y  s h o r t  t i m e ,  e x c e p t  d u r i n g  a  p r o l o n g e d  
a d m i n i s t r a t i o n .  W h e n  g i v e n  b y  t h e  s t o m a c h  o r  h y p o d e r m i ­
c a l l y ,  a s s u m p t i o n  i s  s l o w  a n d  e l i m i n a t i o n  i s  s l o w  ; a n d ,  
c o n s e q u e n t l y ,  t h e  t i s s u e s  a r e  a f f e c t e d  b y  t h e  c h l o r o f o r m  f o r  
a  c o n s i d e r a b l e  t i m e .  T h i s  d o e s  n o t  e n t i r e l y  e x p l a i n  t h e  
d i f f e r e n c e ,  f o r  a f t e r  a  s i n g l e  p r o l o n g e d  a d m i n i s t r a t i o n  b y  
i n h a l a t i o n — s a y ,  f o r  f o u r  h o u r s — t h e  a m o u n t  o f  d e g e n e r a t i v e  
c h a n g e  i n  t h e  o r g a n s  i s  n e v e r  c o m p a r a b l e  w i t h  t h a t  s e e n  
a f t e r ,  s a y ,  a d m i n i s t r a t i o n  o f  1 c . c .  b y  m o u t h  i n  b o t h  c a s e s  ; 
t h e  d r u g  i s  a l m o s t  c o m p l e t e l y  e l i m i n a t e d  a f t e r  s i x  h o u r s .  
S h e r r i n g t o n  a n d  M i s s  S o w t o n  {loc. cit.) h a v e  s h o w n  t h a t  
w h e n  c a r d i a c  m u s c l e  i s  i m m e r s e d  i n  a  s o l u t i o n  o f  c h l o r o f o r m  
i n  s a l i n e  a  v e r y  m u c h  g r e a t e r  e f f e c t  i s  p r o d u c e d  t h a n  w h e n
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a  s i m i l a r  q u a n t i t y  i s  d i s s o l v e d  i n  b l o o d  a n d  s e r u m .  I n  t h e  
s e r u m  t h e  c h l o r o f o r m  i s ,  i n  p a r t  a t  l e a s t ,  i n  c o m b i n a t i o n  w i t h  
t h e  p r o t e i n s ,  w h e r e a s  i n  t h e  s a l i n e  s o l u t i o n  t h e  c h l o r o f o r m  
i s  f r e e  a n d  r e a d i l y  a f f e c t s  t h e  m u s c l e .  T h e  e f f e c t ,  t h e r e f o r e ,  
d e p e n d s  u p o n  t h e  r e l a t i v e  a f f i n i t y  o f  c h l o r o f o r m  f o r  s a l i n e ,  
s e r u m ,  a n d  c e l l  s u b s t a n c e .
I n  w h a t e v e r  w a y  t h e  c h l o r o f o r m  c o m b i n e s  i n  t h e  b l o o d ,  
i t  s e e m s  a s  i f  i t  m a y  b e  f i x e d  f i r m l y  o r  l o o s e l y ,  a n d  t h a t  
t h e  a n æ s t h e t i c  e f f e c t  i s  o b t a i n e d  b y  t h e  l o o s e l y  c o m b i n e d  
p o r t i o n  ; w h i l e  t h e  d e s t r u c t i v e  e f f e c t s ,  s e e n  a f t e r  a d m i n i s t r a t i o n  
b y  m o u t h  o r  h y p o d e r m i c a l l y ,  a r e  c a u s e d  b y  a  m o r e  f i r m l y
TABLE III.—ADMINISTRATION BY SUBCUTANEOUS INJECTION.
No.
Day.
1st. 2nd. Sid. 4th. 5th. 6 th . 7th. 8th. 9th. lOth. n t h . 12th.
1 1150 1150 1100 1050 1070 7 0 7 5 1100 1050 1070 1000
2 g o o o 1950 1890 7 9 ^ 5 1900 — — — — — — —
3 1550 1550 1520 1550 1450 1430 1450 — — — —
4 1700 1680
D a i ly  In j ictions ofO-j cc.
5 1430 1400
13 2 4 0 0 2 4 5 0 24 3 0 2 2 3 0 — — *— — — — — —
16 2 7 0 0 2 6 3 0 25 2 0 262 5 2 5 0 0 2 4 7 0 2 4 0 0 23 1 0 2 2 2 0 2 1 8 0 2 1 5 0 2 1 3 0
19 1700 1680 1700 — — — — — — — — —
21 3 1 0 0 3 0 5 0 30 5 0 300 0 30 5 0 30 2 0 297 5 2 9 3 0 2 9 0 0 2 8 5 0 1 month 2 7 2 5
25 1650 1550 1470 1450 1450 1350 1300 1350 1300 1375 1350  i 1250
28 1500 1400 — — — — — — — — —
29 1150 1150 1150 1150 1100 1060 — — — — —
31 2 4 5 0 2 4 2 0 2 2 8 0 2 2 5 0 2 3 5 0 2 4 5 0 2 3 0 0 2 1 5 0 2 1 0 0 1950 2 6  (lays 1350
37 1325 1300 1200 1100 1200 1200 1150
c o m b i n e d  p o r t i o n  w h o s e  e l i m i n a t i o n  i s  d e l a y e d .  I t  i s  
i n s t r u c t i v e  t o  n o t e  t h a t  i n  a n  a n i m a l ,  w h i c h  w a s  i n j e c t e d  w i t h  
1 c . c .  o f  c h l o r o f o r m  a n d  k i l l e d  a f t e r  f i v e  a n d  a  h a l f  h o u r s ,  
3 1 '6  m g .  o f  c h l o r o f o r m  p e r  c e n t  w e r e  f o u n d  i n  t h e  b l o o d ;  
w h i l e  t h e  a n i m a l ,  t h o u g h  s h a k y ,  w a s  n o t  c o m p l e t e l y  a n æ s ­
t h e t i s e d ,  w h e r e a s  f u l l  a n æ s t h e s i a  w a s  p r o d u c e d  b y  i n h a l a t i o n  
i n  a  r a b b i t  w h o s e  b l o o d  c o n t a i n e d  3 0  8  m g .  p e r  c e n t  w h e n  
k i l l e d  i m m e d i a t e l y  a f t e r  t h e  a d m i n i s t r a t i o n .  A n o t h e r  r a b b i t ,  
w h i c h  h a d  1 c . c .  a d m i n i s t e r e d  b y  t h e  s t o m a c h ,  a n d  w h i c h  w a s  
a l s o  n o t  f u l l y  a n æ s t h e t i s e d ,  s h o w e d  3 2  5  m g .  p e r  c e n t  i n  t h e  
b l o o d  w h e n  k i l l e d  t h r e e  h o u r s  a f t e r .
T h e s e  o b s e r v a t i o n s  i n  t h e  d e l a y e d  e l i m i n a t i o n  o f  c h l o r o f o r m
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t h r o w  s o m e  l i g h t  u p o n  t h e  c o n d i t i o n  k n o w n  a s  l a t e  c h l o r o ­
f o r m  p o i s o n i n g ,  a s  t h e  l e s i o n s  f o u n d  i n  l i v e r  p a r t i c u l a r l y ,  
a n d  i n  p a r t  i n  t h e  k i d n e y ,  a r e  s i m i l a r  t o  t h o s e  d e s c r i b e d  
b y  v a r i o u s  a u t h o r s  a s  o c c u r r i n g  i n  l a t e  c h l o r o f o r m  
p o i s o n i n g . - ^ ’
TABLE IV.—ADMINISTRATION BY THE STOMACH.
No.
D a y .
Ist. 2nd. 3rd. 4th. 6th. 6th. 7th. 8th. 9th. lOth. n th . 12th.
9 2 3 8 0 2 3 2 0 2 2 0 0 2 2 5 0 2 2 5 0 2 1 6 0 2 2 1 0 2 1 7 5
14 2 3 0 0 2 3 5 0 2 3 8 0 2 3 8 0 2 2 4 0 ----- — ---- — — — —
15 2 1 5 0 2 0 2 5 1975 2 0 5 0 2 1 5 0 195 0 1925 1900 1940 1875 1870 1870
18 2 4 0 0 2 5 2 0 2 5 0 0 2 5 5 0 2 4 5 0 2 3 0 0 215 0 4  m o n t h s  l a t e r  135 0
2.3 1700 1700 1750 1700 1650 1550 1500 1500 1450 ----- I  month 1620
3 3 2 1 0 0 2 0 0 0 2 0 0 0 1900 1900 1800 1700 1650 1600 1550 1475
T h e  o b s e r v a t i o n  m a d e  b y  N o ë l  P a t o n  a n d  M i s s  L i n d s a y ,  
t h a t  t h e  r a t e  o f  e l i m i n a t i o n  i s  i m p r o v e d  b y  f r e e  v e n t i l a t i o n  
a n d  e x e r c i s e  i n  r a b b i t s ,  s u g g e s t s  a  m e t h o d  o f  m i n i m i s i n g  r i s k  
o f  t h i s  s e q u e l  t o  c h l o r o f o r m  a n æ s t h e s i a ,  a n d  e m p h a s i s e s  
t h e  i m p o r t a n c e  o f  n o t  l e t t i n g  a  p a t i e n t  “  s l e e p  i t  o f f . ”  T h e  
c o n d i t i o n  s e e m s  t o  d e p e n d  u p o n  d e l a y e d  e l i m i n a t i o n ,  a n d
TABLE V.—WEIGHT OF THE SPLEEN IN ANIMALS ANÆSTHETISED.
No. Original weight of Animal. No. of days. W eight of spleen.
12 185 0  g r a m m e s . 2 0 2  g r a m m e s .
2 0 2 3 0 0 7 0  9 g r a m m e .
2 2 2 0 5 0 31 1 2  g r a m m e s .
24 2 2 5 0 8 1 95  „
26 1600 7 0  6  g r a m m e .
27 1650 5 1 4  g r a m m e s .
30 2 0 5 0 5 0  72  g r a m m e .
3 2 2 3 7 0 65 1 2  g r a m m e s .
36 1600 6 1-2
t h i s  m a y  b e  d u e  t o  t h e  f i x a t i o n  o f  a  c e r t a i n  p r o p o r t i o n  o f  t h e  
c h l o r o f o r m  i n  t h e  p r o t e i n s  o f  t h e  s e r u m  o r  t i s s u e s .
S o  f a r  I  h a v e  c o n s i d e r e d  o n l y  t h e  s i n g l e  a d m i n i s t r a t i o n  
o f  r e l a t i v e l y  l a r g e  d o s e s ,  1 c . c .  i n j e c t e d  o r  b y  s t o m a c h .  
T h e  r e s u l t s  i n  t h e s e  e x p e r i m e n t s  q u o t e d  w e r e  v e r y  s t r i k i n g .
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a n d  s u g g e s t  t h a t  a  v e r y  m u c h  s m a l l e r  d o s e  m i g h t  h a v e  
b e e n  s u f f i c i e n t  t o  c a u s e  c h a n g e s  i n  t h e  t i s s u e s ,  p a r t i c u l a r l y  
i f  g i v e n  f r e q u e n t l y .  T h e  g r e a t  i n t e r e s t  i n  t h i s  p a r t i c u l a r  
s e r i e s  o f  o b s e r v a t i o n s  l i e s  i n  t h e  f a c t  t h a t  w h i l e  1  c . c .  o f  
p u r e  c h l o r o f o r m  i s  p r o b a b l y  n e v e r  g i v e n  t o  h u m a n  b e i n g s
TABLE VI.—THE WEIGHTS OF THE SPLEENS AND OTHER 
PARTICULARS.
No. Original weight of Animal. No. of days. Weight of spleen.
16 2700 grammes. 13 15 grammes.
21 3100 30 1-85 „
25 1650 15 0 67 gramme.
28 1500 3 12  grammes.
31 . 2450 26 1-5
37 1325 7 1-5
Average, 2121 16 137 grammes.
b y  t h e  m o u t h ,  t h e  s m a l l  d o s e  g i v e n  t o  r a b b i t s  i n  t h i s  
w a y  c o r r e s p o n d s  t o  t h e  a m o u n t  o f  c h l o r o f o r m  f o u n d  i n  a  
s i n g l e  l i c q u o r i c e ,  l i n s e e d ,  a n d  c h l o r o d y n e  l o z e n g e ,  ( C r i c h t o n  
B r o w n e
E n o u g h  c h l o r o f o r m  w a t e r  t o  c o n t a i n  0  0 8  g m .  o f  c h l o r o f o r m
TABLE VII.—THE WEIGHTS OF THE SPLEENS AND OTHER 
PARTICULARS.
No. Original weight of animal. No. of days. Weight of spleen.
14 2300 gramines. 5 1*2 grammes.
15 2150 14 0 3 gramme.
18 2400 140 15  grammes.
23 1700 30 0 95 gramme.
33 2100 11 0-8
w a s  g i v e n  e a c h  d a y  t o  a  n u m b e r  o f  r a b b i t s ,  a n d  o b s e r v a t i o n  
m a d e  u p o n  t h e m  ( C l a r k )  S i m i l a r l y  0 1  c . c .  w a s  i n j e c t e d  
d a i l y  i n t o  a n o t h e r  g r o u p  o f  r a b b i t s ,  w h i l e  a  t h i r d  l o t  w e r e  
a n æ t h e t i s e d  t h r o u g h  t h e  l u n g s  f o r  t e n  m i n u t e s  o n  a l t e r n a t e  
d a y s .  I n  t h e  l a t t e r  c a s e  d a i l y  a d m i n i s t r a t i o n  w a s  f o u n d
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t o  b e  v e r y  f a t a l ,  o n l y  t h e  f i r s t  t h r e e  a n i m a l s  u s e d  h a v i n g  
d a i l y  a d m i n i s t r a t i o n s .
V a l u a b l e  i n f o r m a t i o n  w a s  o b t a i n e d  f r o m  a  c r i t i c a l  s t u d y  
o f  t h e  w e i g h t s  f r o m  d a y  t o  d a y .
1 . Inhalation .— W h e r e  t h e  a d m i n i s t r a t i o n  t o o k  p l a c e  d a i l y  
t h e  w e i g h t  f e l l  r a p i d l y ,  b u t  w h e r e  t h e  a d m i n i s t r a t i o n  w a s  o n  
a l t e r n a t e  d a y s  t h e r e  w a s  b u t  l i t t l e  c h a n g e ,  u n l e s s  w h e r e  
t h e  a n i m a l  l i v e d  f o r  s o m e  t i m e  ( T a b l e  I I ) .
2 . Injection.— H e r e  t h e  e f f e c t  i s  v e r y  m a r k e d ,  a n d  t h e  
a n i m a l s  l o s t  w e i g h t  f a i r l y  r a p i d l y ,  a s  i s  s h o w n  i n  T a b l e  I I I .
3 .  By stomach.— H e r e ,  a l s o ,  t h e  l o s s  o f  w e i g h t  i s  m a r k e d .  
O n e  a n i m a l ,  h o w e v e r ,  s u r v i v e d  f o r  f o u r  m o n t h s ,  b u t  i t s  
w e i g h t  d i m i n i s h e d  a l m o s t  5 0  p e r  c e n t  i n  t h a t  t i m e  ( T a b l e  I V ) .
T h e  h i s t o l o g i c a l  c h a n g e s  s e e n  w e r e  s i m i l a r  t o  t h o s e  a l r e a d y  
d e s c r i b e d ,  b u t  t h e s e  w e r e  f o u n d  i n  a l l  c a s e s ,  a n d  n o t  o n l y  i n  a  
p r o p o r t i o n  o f  t h e m .  W h i l e  b o t h  k i d n e y  a n d  l i v e r  s u f f e r e d  
i n  a l l  t h e  a n i m a l s  u s e d ,  t h e  k i d n e y  s u f f e r e d  r e l a t i v e l y  
m o r e  a f t e r  i n h a l a t i o n  t h a n  w h e n  c h l o r o f o r m  w a s  a d m i n i s t e r e d  
i n  t h e  o t h e r  w a y s .
T h e  s p l e e n s  w e r e  a l s o  e x a m i n e d ,  a n d  s h o w e d  i n  a l l  c a s e s  
g r e a t  e n g o r g e m e n t ,  a n d  o f t e n  v e r y  g r e a t  i n c r e a s e  i n  s i z e  
a n d  w e i g h t .
T h e  a v e r a g e  w e i g h t  f o r  f o u r  c o n t r o l  r a b b i t s  w e i g h i n g  o v e r  
2 , 0 0 0  g r m s .  e a c h  w a s  0 7 8  g m . ,  a n d  t h e  t a b l e s  s h o w  t h e  
e n o r m o u s  i n c r e a s e  i n  t h e  v a r i o u s  d i f f e r e n t  w a y s  o f  a d m i n i s ­
t e r i n g  c h l o r o f o r m  ( T a b l e s  V ,  V I ,  a n d  V I I ) .
H i s t o l o g i c a l l y  t h e  s i n u s e s  w e r e  e n g o r g e d  w i t h  b l o o d ,  a n d  a  
l a r g e  a m o u n t  o f  i r o n  c o n t a i n i n g  p i g m e n t  ( h æ m o s i d e r i n )  w a s  
s e e n  f r e q u e n t l y  f i l l i n g  l a r g e  p h a g o c y t e s ,  w h i c h  w e r e  s e e n  
i n  a l l  t h e  s e c t i o n s  e x a m i n e d .
T h e  h e a r t s  i n  m a n y  a n i m a l s  s h o w e d  d e g e n e r a t i v e  c h a n g e s ,  
p a r t i c u l a r l y  a f t e r  t h e  i n h a l a t i o n  e x p e r i m e n t s .  L o s s  o f  c r o s s  
s t r i p i n g  a n d  s e g m e n t a t i o n  o f  t h e  f i b r e s  w e r e  f e a t u r e s ,  a n d  a l s o  
i m p e r f e c t  s t a i n i n g  o f  t h e  n u c l e u s .
C o n s i d e r i n g  t h e s e  r e s u l t s  i t  s e e m s  a p p a r e n t  t h a t  g i v e n  
i n  t h e  f o r m  o f  s m a l l  d o s e s ,  f r e q u e n t l y  r e p e a t e d ,  c h l o r o f o r m  i s  
a  m u c h  m o r e  d a n g e r o u s  d r u g  t h a n  w h e n  g i v e n  i n  a  s i n g l e  
m u c h  l a r g e r  d o s e .  T h e  f i r s t  d o s e s  g i v e n  a p p e a r  t o  l o w e r  
t h e  v i t a l i t y  o f  t h e  t i s s u e s ,  s o  t h a t  t h e  l a t e r  d o s e s  h a v e  a  m o r e  
m a r k e d  a c t i o n .
I I n  c o n c l u s i o n ,  t h e  e x p e r i m e n t s  c i t e d  s e e m  t o  p r o v e  t h a t  
1 c h l o r o f o r m ,  h o w e v e r  g i v e n ,  h a s  f a r - r e a c h i n g  e f f e c t s  o n  t h e  
\  t i s s u e s  a n d  b l o o d ,  a n d ,  c o n s e q u e n t l y ,  u p o n  m e t a b o l i s m  a n d
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e x c r e t i o n .  T h e s e  e f f e c t s  a r e  e n o r m o u s l y  i n c r e a s e d  w h e n  
e l i m i n a t i o n  i s  d e l a y e d .
E l i m i n a t i o n  m a y  b e  d e l a y e d  i n  m a n y  w a y s ,  a n d  i d i o s y n ­
c r a s y ,  o r  a  n u m b e r  o f  u n d e t e r m i n e d  f a c t o r s ,  a p p e a r s  t o  
i n f l u e n c e  t h e  a c t i o n  o f  c h l o r o f o r m  o n  a n i m a l s .
A  d a n g e r - p o i n t  o c c u r s  s o o n  a f t e r  t h e  c o m m e n c e m e n t  o f  t h e  
a d m i n i s t r a t i o n  b y  i n h a l a t i o n ,  a n d ,  a l t h o u g h  t h e  e s t a b l i s h m e n t  
o f  e q u i l i b r i u m  b e t w e e n  a s s u m p t i o n  a n d  e l i m i n a t i o n  m a r k s  
a  p o i n t  o f  l e s s  d a n g e r ,  t h e  s a f e t y  i s  o n l y  r e l a t i v e .  I m m e d i a t e l y  
f o l l o w i n g  t h e  a d m i n i s t r a t i o n  c h a n g e s  o f  a  d e g e n e r a t i v e  
n a t u r e  m a y  a p p e a r  i n  m a n y  o r g a n s ,  a n d  w i t h  d e l a y e d  e l i m i n a ­
t i o n  t h e  o c c u r r e n c e  o f  d e l a y e d  c h l o r o f o r m  p o i s o n i n g  i n  s o m e  
d e g r e e  i s  c e r t a i n  t o  o c c u r .  T h u s  i t  s e e m s  p r o v e d  t h a t  c h l o r o ­
f o r m ,  h o w e v e r  g i v e n ,  i s  a n  e x c e e d i n g l y  t r e a c h e r o u s  d r u g ,  a n d  
t h a t  i t s  u s e  i s  f r a u g h t  w i t h  g r a v e  d a n g e r .
A  g r a n t  w a s  r e c e i v e d  f r o m  t h e  C a r n e g i e  T r u s t  t o  d e f r a y  
t h e  e x p e n s e s  o f  t h i s  r e s e a r c h .
BIBLIOGRAPHY.
 ^ Nicloux, C. R., de la Soc. de Biol., 1906, T. LX, p. 248.
2 Moore and Roaf, Proc. Royal Soc. B., 1904, vol. 73, p. 382.
3 Moore aud Roaf, Proc. Royal Soc. B., 1905, vol. 77, p. 86.
 ^ Moore and Roaf, Brit. Med. Journ., 1906, vol. ii, p. 721.
 ^ Nicloux, M., International Congress of Applied Chemistry, 1909, 
sect. iv. A 2, p. 47.
® Meyer, Hans, “ Ueber die Beziehung zwischen den Lipoiden und 
pharmakologischen Wirknng,” Intern. Cong, of Applied Chemistry, 1909, 
sect. iv., A 2, p. 37.
Rosenheim, Otto, Intern. Cong, of Applied Chemistry, 1907, sect. iv, 
A 2, p. 56.
® Nicloux, C. R., de la Soc. Biol., 1906, T. LX, p. 206.
“ Nicloux, C. R., and Frisson, de la Soc. de Biol., 1907, T. L X II, 
p. 1153.
Sherrington and Sowton, Report of Special Chloroform Committee, 
Brit. Med. Journ., 14th July, 1906.
Brodie and Widdows, Report of Special Chloroform Committee, Brit. 
Med. Journ., 14th July, 1906.
12 Buckmaster and Gardner, Proc. of Royal Soc. B., 1907, vol. 79, 
p. 579.
12 Levy, Proc. Physiological Soc., 21st Jan. and 21st Oct., 1911.
11 Nicloux, C. R., de Soc. de Biol., 1906, T. LX, p. 144.
12 Buckmaster and Gardner, Proc. of Royal Soc. B., 1907, vol. 79, 
p. 579.
12 Baton and Miss Lindsay, Proc. of Royal Soc., Edin., 1907-8, p. 498.
11 Giani, Miinchener Med. Wochenschrift, 1910, p. 870 (Merck’s reports, 
1910).
Mr. C la r k — The Effects o f  Ghloroform. 19
1® Paton, D. Noël, Proc. Royal Soc., Edin., 1907-8, p. 472,
12 Lindsay, Miss Dorothy, Biochemical Journal, vol. v. Nos. 8 and 9, 
p. 407.
22 Underhill and Kleiner, Journ. of Biol. Chemistry, vol. iv.
21 Mellanby, Journal of Physiology, vol. xxxvi.
22 Hoogenhuyze and Verploeghe, Zeitsch. f, Phys. Chem., vol. Ivii.
23 Dawson, Edin. Med. Journ., new series, vol. xviii, p. 408.
21 Thompson, W. H., Brit. Med. Journ., 17tb May, 1906, p. 608.
2“ Clark, G. H., Proc. Royal Soc. Edin., 1908-9, p. 418.
28 Doyon, C. R., de Soc. Biol., vol. Iviii, pp. 30, 108, 853.
21 Frankel, Virchow’s Arcliiv., Bd. C XX VII, S. 381, and Bd. C XX IX,
S. 254.
28 Marthen, Berlin Klin. Woch., 1896, No. 10.
29 Cohn, Deutsch Zeitsch. f. Chir., 1902, Bd. LXIV.
39 Stiles and Macdonald, Scottish Medical and Surgical Journal, Aug., 
1904, p. 97.
31 Goodhart, Guy’s Hospital Reports, vol. Ixiv, p. 301.
32 Crichton-Browne, Food and Food Fencing : Presidential Address to 
Sanitary Inspectors Association, 1907.
33 Clark, G. H., Lancet, 21st Jan., 1911.
o L A sa o w  : p r in t e d  by  a l r x . m a c d o u o a l l .
rT H E  I N F L U E N C E  O F  C A R B O N  D I O X I D E  O N  T H E  
H E A R T  I N  V A R Y I N G  D E G R E E S  O F  A N Æ S T H E S I A .
By E . p .  C A T H C A R T  a nd  G . H .  C L A R K .
Reprinted from the Journal of Physiology. 
V o l .  X L V I I .  N o s .  4  &  5 ,  D e c e m b e r  1 9 ,  1 9 1 3 .
{^Reprinted from the Journal of Physiology  ^
Vol. XLVII. Nos. 4  (fc 5 ,  December 1 9 ,  1 9 1 3 . ]
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{From the Physiological Laboratory, Glasgow University.)
I n  t h e  c o u r s e  o f  a  r e s e a r c h  c a r r i e d  o u t  b y  o n e  o f  u s  ( E .  P .  C . ( i ) )  o n  t h e  
i n f l u e n c e  o f  w o r k  u p o n  t h e  g a s e o u s  m e t a b o l i s m  t h e  s u b j e c t  s u d d e n l y  
c o l l a p s e d ,  d u r i n g  t w o  e x p e r i m e n t s ,  w h i l s t  d o i n g  h a r d  w o r k  a n d  w h i l s t  
i n  t h e  c i r c u i t  o f  t h e  r e s p i r a t i o n  a p p a r a t u s .  I n  e a c h  c a s e  i t  w a s  
n o t e d  t h a t  t h e  c o l l a p s e  w a s  p r e c e d e d  b y  a  s u d d e n  a n d  r a p i d  r i s e  i n  t h e  
p u l s e - r a t e .  I t  w a s  t h o u g h t  t h a t  p o s s i b l y  t h i s  a l t e r a t i o n  i n  t h e  c a r d i a c  
c o n d i t i o n  w a s  p r o d u c e d  a s  t h e  r e s u l t  o f  c a r b o n  d i o x i d e  p o i s o n i n g ,  
i.e. o w i n g  t o  t h e  d e f e c t i v e  a b s o r p t i o n  b y  t h e  s o d a  l i m e  t h e r e  w a s  a n  
a c c u m u l a t i o n  o f  c a r b o n  d i o x i d e  i n  t h e  c i r c u i t .  I n  o r d e r  t o  i n v e s t i g a t e  
f u r t h e r  t h e  q u e s t i o n  o f  t h i s  p o s s i b l e  i n f l u e n c e  o f  c a r b o n  d i o x i d e  o n  t h e  
h e a r t  t h e  p r e s e n t  e x p e r i m e n t s  w e r e  s t a r t e d .  I t  w a s  s o o n  f o u n d  h o w e v e r  
t h a t  t h e  c o n d i t i o n s  o f  t h e  w o r k  e x p e r i m e n t  w e r e  v e r y  d i f f i c u l t  t o  r e p e a t  
a n d  t h a t  i t  w a s  p r a c t i c a l l y  i m p o s s i b l e  t o  i n v e s t i g a t e  t h e  i n f l u e n c e  o f  
t h e  c a r b o n  d i o x i d e  o n  t h e  h e a r t  o f  t h e  n o r m a l  u n a n æ s t h e t i s e d  a n i m a l .  
E x p e r i m e n t s  w e r e  t h e r e f o r e  b e g u n  w i t h  t h e  a n i m a l s  u n d e r  t h e  i n f l u e n c e  
o f  e t h e r .  F o r  a  l o n g  t i m e  w e  w e r e  q u i t e  u n a b l e  t o  o b t a i n  c o n s i s t e n t  
r e s u l t s ,  a n d  a t  f i r s t  w e  a s c r i b e d  t h e  v a r i a t i o n s  w h i c h  w e  o b t a i n e d  t o  
i n d i v i d u a l  i d i o s y n c r a s i e s  o n  t h e  p a r t  o f  t h e  a n i m a l s  ( r a b b i t s )  u s e d ,  a s  
M a r e s (2) h a d  p r e v i o u s l y  f o u n d  t h a t  t h e  r a b b i t  i s  o n e  o f  t h e  m o s t  
i n s e n s i t i v e  o f  a n i m a l s  t o  t h e  a c t i o n  o f  c a r b o n  d i o x i d e .  H e  m a i n t a i n s  
t h a t  s o m e  r a b b i t s  c a n  i n h a l e  a  g a s e o u s  m i x t u r e  c o n s i s t i n g  o f  8 0  °/o  0 0 %  
a n d  2 0  "/o 0% w i t h o u t  t r o u b l e  o f  a n y  k i n d  f o r  s o m e  t w e n t y  m i n u t e s .  W e  
d i s c o v e r e d  i n  t h e  e n d  h o w e v e r  t h a t  t h e  d i f f e r e n c e s  w e r e  d u e  t o  a  r e a d i l y  
c o n t r o l l a b l e  c a u s e ,  n a m e l y  t h e  d e p t h  o f  t h e  a n æ s t h e s i a ,  d u r i n g  t h e  c o u r s e  
o f  t h e  a d m i n i s t r a t i o n  o f  t h e  c a r b o n  d i o x i d e .  T h e  p r e s e n t  c o m m u n i c a t i o n  
d e a l s  w i t h  t h e  i n f l u e n c e  o f  t h e  d e p t h  o f  a n æ s t h e s i a  o n  t h e  e f f e c t  o f  
c a r b o n  d i o x i d e  o n  t h e  h e a r t  a n d  b l o o d - p r e s s u r e .
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Previous work. S o  f a r  a s  w e  a r e  a w a r e  t h e r e  i s  n o  p r e v i o u s  
e x p e r i m e n t a l  w o r k  o n  t h e  e f f e c t  o f  c a r b o n  d i o x i d e  o n  t h e  h e a r t  o f  
i n t a c t  a n i m a l s  i n  v a r y i n g  d e g r e e s  o f  e t h e r  a n æ s t h e s i a .  T h e  o n l y  p a p e r  
w h i c h  d e a l s  w i t h  t h i s  p a r t i c u l a r  p o i n t  i s  a  v e r y  i n t e r e s t i n g  r e p o r t  b y  
P r o f .  S h e r r i n g t o n  a n d  M i s s  S o w t o n ( s )  o n  t h e  e f f e c t  o f  c h l o r o f o r m  
i n  c o n j u n c t i o n  w i t h  c a r b o n  d i o x i d e  o n  c a r d i a c  a n d  o t h e r  m u s c l e .  
T h e s e  w o r k e r s  f o u n d  t h a t ,  i n  t h e  c a s e  o f  t h e  p e r f u s e d  h e a r t ,  t h e  c a r d i a c  
m u s c l e  w a s  d i s t i n c t l y  m o r e  s e n s i t i v e  t o  c h l o r o f o r m  w h e n  t h i s  a n æ s t h e t i c  
w a s  g i v e n  i n  u n o x y g e n a t e d  s a l i n e  c o n t a i n i n g  c a r b o n  d i o x i d e  i n s t e a d  o f  
i n  o x y g e n a t e d  s a l i n e .  A  f u r t h e r  p a p e r  b y  G o o d m a n  L e v y (4) o n  t h e  
v a r i a t i o n  i n  c a r d i a c  “  i r r i t a b i l i t y  ”  d u r i n g  v a r y i n g  d e g r e e s  o f  a n æ s t h e s i a ,  
i s  o f  c o n s i d e r a b l e  i n t e r e s t  i n  t h i s  c o n n e c t i o n .  H e  f o u n d  t h a t  u n d e r  t h e  
i n f l u e n c e  o f  c h l o r o f o r m  t h e  m a m m a l i a n  h e a r t  i s  i n  a n  i r r i t a b l e  c o n d i t i o n  
a n d  t h a t  t h i s  i r r i t a b i l i t y  i s  r a i s e d  u n d e r  c o n d i t i o n s  o f  l i g h t  a n æ s t h e s i a .
A s  r e g a r d s  t h e  e f f e c t  o f  c a r b o n  d i o x i d e  a l o n e  u p o n  t h e  h e a r t  t h e r e  
h a s  b e e n  a  c o n s i d e r a b l e  a m o u n t  o f  w o r k  d o n e .  0  h r  w a l l  (5) f o u n d  t h a t  
c a r b o n  d i o x i d e  i n  l a r g e  a m o u n t  e x e r c i s e d  a  p a r a l y s i n g  e f f e c t  o n  t h e  
c a r d i a c  m u s c u l a t u r e  ( i s o l a t e d  f r o g  h e a r t )  b u t  t h a t  t h i s  p a r a l y s i s  c o u l d  
b e  c a u s e d  t o  d i s a p p e a r  b y  t h e  s u b s e q u e n t  f r e e  u s e  o f  o x y g e n .  M a r e s  (2) 
a l s o  s h o w e d  t h a t  t h e  e f f e c t  o f  t h e  a d m i n i s t r a t i o n  o f  c a r b o n  d i o x i d e  w a s  
q u i t e  c h a r a c t e r i s t i c .  T h e  s y s t o l e  b e c a m e  p r o g r e s s i v e l y  w e a k e r  s o  t h a t  
i n  t h e  e n d  t h e  h e a r t  p a s s e d  i n t o  a  c o n d i t i o n  o f  f i b r i l l a t i o n .  H e  b e l i e v e d  
a s  d i d  a l s o  B e n e d i c e n t i  a n d  T r e v e s (6) t h a t  t h i s  e f f e c t  w a s  d u e  t o  t h e  
d i r e c t  a c t i o n  o f  t h e  c a r b o n  d i o x i d e  o n  t h e  c a r d i a c  m u s c l e .  G r o s s (7) 
f o u n d  t h a t  c a r b o n  d i o x i d e  s a t u r a t e d  R i n g e r  s o l u t i o n  p e r f u s e d  t h r o u g h  
t h e  i s o l a t e d  m a m m a l i a n  h e a r t  b r o u g h t  a b o u t  a  s l o w i n g  a n d  w e a k e n i n g  
o f  t h e  c a r d i a c  a c t i v i t y  w h i c h  m i g h t  e v e n  l e a d  t o  c o m p l e t e  c e s s a t i o n  o f  
t h e  h e a r t ' s  a c t i o n .  T h e  s a m e  e f f e c t  h a s  a l s o  b e e n  o b s e r v e d  i n  t h e  
h e a r t s  o f  s u c h  s i m p l e  f o r m s  a s  Aplysia limacina b y  S t r a u b (8) a n d  o f  
Helisc pomatia b y  L o v a t t  E v a n s  (9).
R e c e n t l y  S t a r l i n g  h a s  t a k e n  u p  t h e  c o n s i d e r a t i o n  o f  t h i s  s u b j e c t .  
H e  h a d  p r e v i o u s l y ,  w o r k i n g  i n  c o n j u n c t i o n  w i t h  K a y  a  (10), f o u n d  t h a t  
w h e n  h e  u s e d  a n  i n t a c t  a n i m a l ,  a n  i n c r e a s e d  c a r b o n  d i o x i d e  t e n s i o n  i n  
t h e  b l o o d  c a u s e d  a  r i s e  i n  b l o o d - p r e s s u r e  a n d  t h a t  o n  t h e  c e s s a t i o n  o f  
t h e  c a r b o n  d i o x i d e  i n h a l a t i o n ,  t h e  b l o o d - p r e s s u r e  f e l l  s l o w l y  t o  i t s  
o r i g i n a l  l e v e l .  I f  h o w e v e r  a  s p i n a l  a n i m a l  w a s  u s e d  t h e  a d m i n i s t r a t i o n  
o f  c a r b o n  d i o x i d e  i n  t h e  p r e s e n c e  o f  a d e q u a t e  a m o u n t s  o f  o x y g e n  d i d  
n o t  p r o d u c e  a n y  r e s u l t  o n  t h e .  b l o o d - p r e s s u r e  a l t h o u g h  i n  s o m e  i n s t a n c e s  
t h e y  n o t e d  a  s l i g h t  i n c r e a s e  i n  t h e  a m p l i t u d e  o f  t h e  h e a r t  b e a t .  T h i s  
w o r k  w a s  c o n t i n u e d  b y  S t a r l i n g  i n  c o n j u n c t i o n  w i t h  J e r u s a l e m  (11),
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I n  t h e i r  e x p e r i m e n t s  a n  i s o l a t e d  h e a r t  l u n g  p r e p a r a t i o n  w a s  u s e d .  I n  
t h e  c a s e  o f  t h e  c a t ’s  h e a r t  t h e y  f o u n d  t h a t  i f  t h e  h e a r t  w e r e  f e d  w i t h  a  
c u r r e n t  o f  b l o o d  u n d e r  c o n s t a n t  n o r m a l  a r t e r i a l  p r e s s u r e — t h e  a r t i f i c i a l  
v e n t i l a t i o n  w i t h  v a r y i n g  a m o u n t s  o f  c a r b o n  d i o x i d e  b e i n g  d o n e  b y  t h e  
l u n g s — 1 2 - 2 0  7 o  o f  a n  a t m o s p h e r e  o f  c a r b o n  d i o x i d e  p r o d u c e d  c a r d i a c  
d i l a t a t i o n ,  t h e  s y s t o l i c  v o l u m e  b e i n g  m o r e  a f f e c t e d  t h a n  t h e  d i a s t o l i c  
v o l u m e  w i t h  a s  a  r e s u l t  a  d i m i n u t i o n  i n  t h e  v e n t r i c u l a r  o u t p u t ,  w h e r e a s  
w i t h  2 - 8  9/o o f  a n  a t m o s p h e r e  o f  c a r b o n  d i o x i d e  t h e  v e n t r i c u l a r  o u t p u t  
i n c r e a s e d .  T h e y  f u r t h e r  f o u n d  t h a t  c a r b o n  d i o x i d e  c a u s e d  s l o w i n g  o f  
t h e  i s o l a t e d  h e a r t ,  a  c o n d i t i o n  w h i c h  b e c a m e  i n c r e a s i n g l y  m a r k e d  w i t h  
i n c r e a s e  i n  t h e  c a r b o n  d i o x i d e  t e n s i o n .  T h e  i n c r e a s e d  v e n t r i c u l a r  o u t p u t  
t h e y  h e l d  m u s t  b e  a  c o n t r i b u t o r y  f a c t o r  i n  t h e  g e n e r a l  r i s e  o f  b l o o d -  
p r e s s u r e  w h i c h  r e s u l t e d  f r o m  t h e  i n h a l a t i o n  o f  c a r b o n  d i o x i d e  a s  
o b s e r v e d  i n  t h e  p r e v i o u s  e x p e r i m e n t s  c a r r i e d  o u t  b y  K a y  a .
M a t h i s o n ( i a )  c o n t i n u e d  t h e  o b s e r v a t i o n s  o n  t h e  e f f e c t  o f  c a r b o n  
d i o x i d e  o n  t h e  s p i n a l  a n i m a l .  H e  f o u n d  t h a t ,  w h e n  h e  e m p l o y e d  l a r g e r  
p e r c e n t a g e s  o f  c a r b o n  d i o x i d e  t h a n  w e r e  u s e d  b y  K a y a  a n d  S t a r l i n g ,  
t h e  e f f e c t  o n  t h e  b l o o d - p r e s s u r e  w a s  v e r y  v a r i a b l e ,  s o m e t i m e s  i t  w a s  b u t  
l i t t l e  c h a n g e d  a n d  a t  o t h e r  t i m e s  t h e r e  w a s  a  m a r k e d  r i s e  i n  t h e  b l o o d -  
p r e s s u r e .  A s  r e g a r d s  t h e  h e a r t  v o l u m e  h e  f o u n d ,  i n  o p p o s i t i o n  t o  
J e r u s a l e m  a n d  S t a r l i n g ,  t h a t  w i t h  p e r c e n t a g e s  o f  c a r b o n  d i o x i d e  u p  
t o  4 0  a n d  5 0 ° / o  t h e  s y s t o l i c  o u t p u t  o f  t h e  h e a r t  i n c r e a s e d .  T h i s  
d i f f e r e n c e  h e  b e l i e v e d  w a s  d u e  t o  t h e  l i m i t a t i o n  o f  t h e  c i r c u l a t i o n  i n  
t h e  i s o l a t e d  h e a r t  l u n g  p r e p a r a t i o n .  O n  t h e  r e m o v a l  o f  t h e  c a r b o n  
d i o x i d e  t h e  h e a r t  r a p i d l y  r e t u r n e d  t o  n o r m a l ,  V a s o - c o n s t r i c t i o n  
p r o b a b l y  p l a y s  a  p a r t  i n  t h e  c h a n g e s  o f  b l o o d - p r e s s u r e .
I t a m i d a ) ,  w o r k i n g  u n d e r  t h e  d i r e c t i o n  o f  S t a r l i n g ,  a t t e m p t e d  t o  
e l u c i d a t e  t h e  f a c t o r s  w h i c h  b r o u g h t  a b o u t  t h e  r i s e  i n  b l o o d - p r e s s u r e  
f o l l o w i n g  a n  i n c r e a s e d  t e n s i o n  o f  c a r b o n  d i o x i d e  i n  t h e  b l o o d .  “ I n  
e v e r y  c a s e  t h e  a n i m a l  w a s  f u l l y  a n æ s t h e t i s e d  t h r o u g h o u t  t h e  e x p e r i ­
m e n t  w i t h  A.c.E. m i x t u r e ,  c h l o r a l  h y d r a t e  o r  u r e t h a n e ,  c u r a r e  b e i n g  i n  
n e a r l y  a l l  c a s e s  g i v e n  i n  a d d i t i o n . ”  T h e  a n i m a l s  e m p l o y e d  w e r e  u s u a l l y  
s m a l l  d o g s  a l t h o u g h  c a t s  a n d  r a b b i t s  w e r e  o c c a s i o n a l l y  u s e d .  H e  f o u n d  
t h a t  w i t h  5 “/o  c a r b o n  d i o x i d e  t h e  c a r d i a c  o u t p u t  i n c r e a s e d  a n d  t h e  
b l o o d - p r e s s u r e  r o s e  s l i g h t l y .  W i t h  8 - 1 0  °/o  t h e  c a r d i a c  o u t p u t  i n c r e a s e d  
a n d  a  c o n s i d e r a b l e  r i s e  i n  b l o o d - p r e s s u r e  t o o k  p l a c e .  W i t h  1 2  “/o  t h e  
h e a r t  d i l a t e d  s o  t h a t  a n  a c t u a l  d e c r e a s e  i n  o u t p u t  o c c u r r e d ,  a t  t h e  s a m e  
t i m e  h o w e v e r  t h e  b l o o d - p r e s s u r e  r o s e  c o n s i d e r a b l y .  T h e  c a r d i a c  o u t p u t  
i n c r e a s e d  a g a i n  i f  t h e  a d m i n i s t r a t i o n  o f  t h e  c a r b o n  d i o x i d e  w a s  p e r s i s t e d  
i n .  A s  t h e  r e s u l t  o f  g i v i n g  m o d e r a t e  p e r c e n t a g e s  o f  c a r b o n  d i o x i d e
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t h e r e  w a s  u s u a l l y  s l o w i n g  o f  t h e  p u l s e .  H e  t h o u g h t  t h a t  s m a l l  
p e r c e n t a g e s  o f  c a r b o n  d i o x i d e  c a u s e d  a  r i s e  i n  b l o o d - p r e s s u r e  b y  d i r e c t  
a c t i o n  o n  t h e  h e a r t ,  w h i l s t  t h e  p e r c e n t a g e s  a b o v e  8  ®/o a c t i v e  c o n s t r i c ­
t i o n  o f  t h e  b l o o d - v e s s e l s  o c c u r r e d  f r o m  s t i m u l a t i o n  o f  t h e  v a s o  m o t o r  
c e n t r e s .
V o n  A n  r e  p ’s  (w) e x p e r i m e n t s ,  a l s o  c a r r i e d  o u t  u n d e r  t h e  d i r e c t i o n  
o f  S t a r l i n g ,  w o u l d  t e n d  t o  s h o w  t h a t  t h e  a l t e r a t i o n s  i n  b l o o d - p r e s s u r e ,  
w h i c h  w e r e  o b s e r v e d  a f t e r  t h e  i n c r e a s e  i n  t h e  c a r b o n  d i o x i d e  i n t a k e ,  
w e r e  d u e  t o  a n  i n c r e a s e d  s e c r e t i o n  o f  a d r e n a l i n  a c t i n g  o n  t h e  
h e a r t  a s  t h e  r i s e  d i d  n o t  t a k e  p l a c e  a f t e r  t h e  e x t i r p a t i o n  o f  t h e  s u p r a ­
r e n a l  g l a n d s .  I n  s u p p o r t  o f  t h i s  c o n t e n t i o n  o f  S t a r l i n g  i s  t h e  r e c e n t  
w o r k  o f  C z u b a l s k i d s )  w h o  f o u n d  t h a t  t h e  r i s e  i n  b l o o d - p r e s s u r e  i n  
a s p h y x i a  w a s  d u e  t o  a n  i n c r e a s e d  f l o w  o f  a d r e n a l i n  i n t o  t h e  b l o o d .
MethoP. T h e  m e t h o d  e m p l o y e d  o f  o b t a i n i n g  t h e  c a r d i a c  t r a c i n g s  
w a s  t h a t  a l r e a d y  d e s c r i b e d  b y  o n e  o f  u s  ( G .  H .  C . ( i6 ) ) .  T h e  r a b b i t  w a s  
a n æ s t h e t i s e d ,  a  c a n n u l a  i n s e r t e d  i n t o  t h e  t r a c h e a  a n d  a r t i f i c i a l  r e s p i r a ­
t i o n  c o m m e n c e d .  T h e  h e a r t  w a s  n e x t  e x p o s e d  a n d  t h e  l e v e r s  a t t a c h e d  
b y  m e a n s  o f  s m a l l  c l i p s  t o  t h e  r i g h t  a u r i c u l a r  a n d  v e n t r i c u l a r  w a l l s .  
D u r i n g  t h e  a c t u a l  p e r i o d  o f  t h e  e x p e r i m e n t s  t h e  a r t i f i c i a l  r e s p i r a t i o n  
w a s  c a r r i e d  o u t  b y  p u m p i n g  w i t h  a  h a n d  b e l l o w s .  T h e  i n l e t  o f  t h e  
h a n d  b e l l o w s  c o u l d  b e  r a p i d l y  c o n n e c t e d  w i t h  a  g a s  r e s e r v o i r  c o n t a i n i n g  
k n o w n  d i l u t i o n s  o f  c a r b o n  d i o x i d e  a n d  a i r  ( c a r b o n  d i o x i d e  a n d  o x y g e n  
m i x t u r e s  w e r e  s o m e t i m e s  e m p l o y e d  w i t h  i d e n t i c a l  r e s u l t s ) .  T h e  c a r b o n  
d i o x i d e  w a s  o b t a i n e d  f r o m  a  c y l i n d e r  o f  c o m p r e s s e d  g a s ,  a n d  m e a s u r e d  
a m o u n t s  o f  t h e  m i x t u r e  g i v e n .  D u r i n g  t h e  p e r i o d s  o f  h a n d  p u m p i n g  
n o  f u r t h e r  a n æ s t h e t i c  w a s  g i v e n .  I n  e a c h  c a s e  t h e  h a n d  p u m p i n g  w a s  
s t a r t e d  w i t h  o r d i n a r y  a i r  i n  o r d e r  t o  g e t  a  c o m p a r a t i v e  r e c o r d  a n d  w h e n  
t h e  t r a c e  w a s  s t e a d y  t h e  c a r b o n  d i o x i d e  m i x t u r e  w a s  a d m i n i s t e r e d .  I n  
e v e r y  i n s t a n c e  t h e  p r e l i m i n a r y  h a n d  p u m p i n g  w i t h  a i r  w a s  c a r r i e d  o u t  b y  
t h e  s a m e  o b s e r v e r  w h o  g a v e  t h e  c a r b o n  d i o x i d e  m i x t u r e  s o  t h a t  t h e  r e s u l t s  
m i g h t  b e  u n i f o r m  a s  r e g a r d s  r a t e  a n d  f o r c e .  I t  w a s  f o u n d  w i t h  a  l i t t l e  
p r a c t i c e  t o  b e  v e r y  e a s y  t o  k e e p  u p  t h e  h a n d  p u m p i n g  s t e a d i l y  a t  t h e  
s a m e  r a t e  a n d  p r e s s u r e  f o r  t h e  f e w  m i n u t e s  t h e  e x p e r i m e n t  l a s t e d .  
T h e  e a r l i e s t  t r a c i n g s  w e r e  m a d e  w i t h  t w o  o r d i n a r y  l e v e r s  b u t  t h e  l a t e r  
o n e s  w e r e  m a d e  b y  m e a n s  o f  a  v e r y  u s e f u l  s t r a i g h t  w r i t i n g  d o u b l e  
r e c o r d e r  d e v i s e d  f o r  u s  b y  t h e  l a b o r a t o r y  m e c h a n i c ,  J .  M c C a l l .  I n  
s e v e r a l  o f  t h e  l a t e r  e x p e r i m e n t s  t h e  b l o o d - p r e s s u r e  w a s  r e c o r d e d
J A demonstration of the method and of the influence of the carbon dioxide in varying 
depths of anæsthesia was given at the Internat. Congress of Med., 1913, Pharmacol. 
Section.
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s i m u l t a n e o u s l y  w i t h  t h e  c a r d i a c  c o n t r a c t i o n s .  D u r i n g  t h e  i n t e r v a l s  
b e t w e e n  e x p e r i m e n t s  a r t i f i c i a l  r e s p i r a t i o n  w a s  c a r r i e d  o u t  b y  m e a n s  o f  a  
B r o d i e  p u m p ,  t h e  a i r  p a s s i n g  t o  t h e  a n i m a l  t h r o u g h  a n  a n æ s t h e t i c  b o t t l e  
s o  a r r a n g e d  t h a t  t h e  a m o u n t  o f  e t h e r  g i v e n  c o u l d  b e  r e g u l a t e d  a t  w i l l .
A .  Heart experiments.
I .  Influence of the anæsthetic alone. T h e  i n f l u e n c e  o f  t h e  a n æ s t h e t i c  
a l o n e  i s  a  p o i n t  w h i c h  h a d  t o  b e  c o n s i d e r e d  a n d  w e  c a r r i e d  o u t  a  n u m b e r  
o f  o b s e r v a t i o n s  o n  i t .  O u r  e x p e r i m e n t s  h a v e  s h o w n  i n  c o m m o n  w i t h  
t h e  m a j o r i t y  o f  o t h e r s ,  c a r r i e d  o u t  f o r  t h i s  p u r p o s e ,  t h a t ,  p r o v i d e d  t h e  
a d m i n i s t r a t i o n  o f  t h e  e t h e r  i s  n o t  p u s h e d  u n d u l y ,  t h e  a n æ s t h e t i c  h a s  
p r a c t i c a l l y  n o  e f f e c t  o n  t h e  r a t e  a n d  t h e  a m p l i t u d e  o f  t h e  c a r d i a c  b e a t .  
I f  t h e  e t h e r  b e  g i v e n  f r e e l y  s o m e  i n h i b i t i o n  o f  t h e  a m p l i t u d e  t a k e s  
p l a c e  a n d  i f  i t  b e  g i v e n  i n  e x c e s s  t h e  h e a r t  g o e s  i n t o  a  s t a t e  o f  
f i b r i l l a t i o n ,  o r  a  c o n d i t i o n  c l o s e l y  r e s e m b l i n g  i t ,  f r o m  w h i c h  i t  r e c o v e r s  
m o r e  o r  l e s s  r e a d i l y  i f  a r t i f i c i a l  r e s p i r a t i o n  b e  c a r r i e d  o u t  w i t h  a i r  f r e e  
f r o m  t h e  a n æ s t h e t i c .  V e r n o n (17), w h o  c a r r i e d  o u t  a  n u m b e r  o f  e x p e r i ­
m e n t s  o n  t h e  i s o l a t e d  h e a r t  w i t h  t h e  a d d i t i o n  o f  e t h e r  t o  t h e  p e r f u s i n g  
f l u i d ,  f o u n d  t h a t  t h e  d e p r e s s a n t  a c t i o n  o f  t h e  e t h e r  w a s  p r o p o r t i o n a l  t o  
t h e  c o n c e n t r a t i o n .
I I .  Influence of the inhalation of the carbon dioxide mixtures. T h e  
e f f e c t  o f  t h e  a d m i n i s t r a t i o n  o f  v a r y i n g  m i x t u r e s  o f  c a r b o n  d i o x i d e  a n d  
a i r  t o  a i l  a n i m a l  u n d e r  t h e  i n f l u e n c e  o f  e t h e r  v a r i e d  a c c o r d i n g  t o  t h e  
d e p t h  o f  t h e  a n æ s t h e s i a  a s  i s  c l e a r l y  d e m o n s t r a t e d  b y  t h e  f o l l o w i n g  
p r o t o c o l s ,  t r a c i n g s  a n d  T a b l e s  I  a n d  I I  w h i c h  g i v e  a  s u m m a r y  o f  a  
s e r i e s  o f  t h e  e x p e r i m e n t s .  I n  a d d i t i o n  t o  t h e  e x p e r i m e n t s  s u m m a r i s e d  
i n  t h e s e  t a b l e s  w e  h a v e  a  v e r y  l a r g e  n u m b e r  o f  e x p e r i m e n t s  i n  w h i c h  
t h e  r e s u l t s  f a l l  m i d w a y  b e t w e e n  d e e p  a n d  l i g h t  a n æ s t h e s i a  a s  i t  i s  
d i f f i c u l t  t o  h i t  o f f  a l w a y s  w i t h  c e r t a i n t y  t h e  p r o p e r  d e p t h  o f  a n æ s t h e s i a .
P r o t o c o l  I  ( a ) .  T h e  r a b b i t  w a s  l i g h t l y  a n æ s t h e t i s e d  a n d  a  m i x t u r e  
c o n t a i n i n g  1 6  “/o  c a r b o n  d i o x i d e  i n  a i r  w a s  g i v e n .  T h e  a m p l i t u d e  o f  t h e  
e x c u r s i o n  o f  b o t h  v e n t r i c u l a r  a n d  a u r i c u l a r  l e v e r s  d i m i n i s h e d  m a r k e d l y  
w i t h i n  t e n  s e c o n d s  o f  t h e  c o m m e n c e m e n t  o f  t h e  e x p e r i m e n t  a n d  t h e  
r a t e  b e c a m e  s l o w e d  ( s e e  F i g .  1 ) .  A f t e r  3 0  s e c o n d s  a  s l i g h t  s t r u g g l e  
t o o k  p l a c e  a n d  t h e  c o n d i t i o n  o f  t h e  h e a r t  w a s  s o  u n s a t i s f a c t o r y  t h a t  t h e  
e x p e r i m e n t  w a s  s t o p p e d  a f t e r  t h r e e  l i t r e s  o f  t h e  c a r b o n  d i o x i d e  a i r  
m i x t u r e  h a d  b e e n  g i v e n .  T h e  h e a r t  h a d  b e e n  g r a d u a l l y  f a i l i n g  a n d  t h e  
m a r k e d  d i l a t a t i o n  o f  t h e  a u r i c l e s  a n d  t h e  v e n t r i c l e s  g a v e  t h e  t r a c e  a  
d i a s t o l i c  c h a r a c t e r .  T h e  m e a s u r e m e n t s  o f  t h e  r a t e  a n d  a m p l i t u d e  a r e  
a s  f o l l o w s  :
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Rate.
Ventricle
Auricle
in 3 seconds
Amplitude. 
1
Ventricle ) average of 3 contrac- 
Auricle J tions
Height of lowest point of ventri­
cular trace above the base line
Commencement 
of experiment
8-5
8-5
29 0 mm. 
8 3
30 0 mm.
Middle of 
experiment
7*0
7-0
26 7 mm. 
7 3
38 0 mm.
End of 
experiment
5 0 
5 0
11 3 mm. 
5 7
46 0 mm.
Fig. 1. Light anæsthesia. 3 litres of 16 % COg-air mixture.
[In this and all other traces the upper curves are auricular and the lower ventricular.]
Fig. 2. Deep anæsthesia. 5 litres of 16 % GOg air mixture. Intervals=20 secs.
Total time=72 secs.
Ca r b o n  d i o x i d e  o n  t h é  h e a r t . 3 9 9
( 6 )  A t  t h e  c o n c l u s i o n  o f  E x p .  ( a )  t h e  e t h e r  w a s  g i v e n  u n t i l  t h e  
a n i m a l  w a s  d e e p l y  u n d e r ,  n o  c o r n e a l  r e f l e x ,  t h e  p u p i l  w i d e l y  d i l a t e d  a n d  
I n a c t i v e .  A g a i n  1 6 ° / o  c a r b o n  d i o x i d e  a i r  m i x t u r e  w a s  g i v e n  a s  b e f o r e .  
A  v e r y  s l i g h t  d i m i n u t i o n  i n  r a t e  t o o k  p l a c e  b u t  n o  c h a n g e  i n  t h e  
a m p l i t u d e .  F i v e  l i t r e s  o f  t h e  m i x t u r e  w e r e  g i v e n  w i t h o u t  m a r k e d l y  
i n f l u e n c i n g  t h e  h e a r t  ( s e e  F i g .  2 ) .  T h e  m e a s u r e m e n t s  o f  t h e  r a t e  a n d  
t h e  a m p l i t u d e  a r e  a s  f o l l o w s  :
Bate. 
Ventricle 1 
Auricle 1
in 3 seconds
Commencement Middle of End of
of experiment experiment experiment
9 0 8-5 8-0
9 0 8-5 8-0
21 0 mm. 21 0 mm. 21-0 mm.
4 7 4-3 4-7
22 0 mm. 23-0 mm. 24-0 mm.
Am plitude.
Ventricle |  Average of 3 contrac-
Auricle i tions
Height of lowest point of ventri­
cular trace above the base line ^
P r o t o c o l  I I  (a). A  r a b b i t  w a s  l i g h t l y  a n æ s t h e t i s e d  a n d  f i v e  l i t r e s  o f  
a  m i x t u r e  o f  1 2  “/o  c a r b o n  d i o x i d e  i n  a i r  w e r e  g i v e n .  T h e  a m p l i t u d e  
o f  t h e  a u r i c u l a r  a n d  v e n t r i c u l a r  c o n t r a c t i o n s  d i m i n i s h e d  s l o w l y  d u r i n g  
t h e  f i r s t  3 0  s e c o n d s  a f t e r  t h e  a d m i n i s t r a t i o n  b e g a n  a n d  t h e n  m o r e  
r a p i d l y ,  r e a c h i n g  a  m i n i m u m  7 0  s e c o n d s  f r o m  t h e  c o m m e n c e m e n t  o f  
t h e  a d m i n i s t r a t i o n .  T h e  r a t e  w a s  s l o w e d  s l i g h t l y  a t  f i r s t  b u t  m a r k e d l y  
d u r i n g  t h e  s e c o n d  h a l f  o f  t h e  a d m i n i s t r a t i o n  ( s e e  F i g .  3 ) .  T h e r e  w a s  
m a r k e d  d i l a t a t i o n  o f  t h e  h e a r t .  M e a s u r e m e n t s  w e r e  a s  f o l l o w s  :
Rate .
Ventricle
Auricle
in 3 seconds
Amplitude.
Ventricle ) average of 3 conpac-
Auricle tions
Commencement 
of experiment
11 0 
11 0
85 0 mm. 
4 0
Middle of 
experiment
10 0 
10 0
Height of lowest point of ventri­
cular trace above the base line
24 0 mm.
End of 
experiment
6 0 
6-0
51 0 mm. 37 0 mm.
47 0 mm. 64 0 mm.
( 6 )  A t  t h e  c l o s e  o f  t h e  a b o v e  e x p e r i m e n t  e t h e r  a d m i n i s t r a t i o n  w a s  
p u s h e d  u n t i l  t h e  a n i m a l  w a s  d e e p l y  u n d e r .  N o  c o r n e a l  r e f l e x ,  a n d  
p u p i l s  d i l a t e d  a n d  i n a c t i v e .  F i v e  l i t r e s  o f  1 2  %  c a r b o n  d i o x i d e  a i r  
m i x t u r e  w e r e  g i v e n .  A  s l i g h t  d i m i n u t i o n  i n  a m p l i t u d e  o f  t h e  h e a r t ’s  
c o n t r a c t i o n  t o o k  p l a c e  a t  f i r s t  t o  b e  f o l l o w e d  b y  a  v e r y  s m a l l  i n c r e a s e  
b u t  n o  c h a n g e  i n  t h e  r a t e  ( s e e  F i g .  4 ) .  T h e  m e a s u r e m e n t s  w e r e  :
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R ate,
Ventricle
Auricle
in 3 seconds
Am plitude,
Ventricle ) average of 3 contrac- 
Auricle i tions
Height of lowest point of ventri­
cular trace above the base line
a n d  G. 3. CLARK.
Commencement Middle of End of
of experiment experiment experiment
8-0 8-0 8-0
8-0 8-0 8-0
52-0 rum. 44 0 mm. 45-0 mm.
6'0 4-0 5-0
55-0 mm. 62 0 mm. 63-0 mm.
T h e  r e s u l t s  w h i c h  w e  h a v e  o b t a i n e d  m a y  b e  b r i e f l y  s u m m a r i s e d  a s  
f o l l o w s .  W h e n  t h e  a n i m a l  i s  l i g h t l y  u n d e r  t h e  i n f l u e n c e  o f  e t h e r  ( i n  
a l l  c a s e s  t h e  a n i m a l s  w e r e  q u i t e  u n c o n s c i o u s )  t h e  e f f e c t  o f  t h e  a d m i n i s t r a ­
t i o n  o f  c a r b o n  d i o x i d e ,  b y  w a y  o f  t h e  r e s p i r a t o r y  t r a c t ,  p r o d u c e s ,  w i t h
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T a b l e  I .
Auricular & Ventricular Rate
Light anæsthesia series.
Auricular and Ventricular Amplittide, in mm.
Decrease Increase
Decrease Increase
1st half 2nd half 1st half 2nd half
Total
No. in 1st
half
2nd
half
1st
half
2nd
half V A V A V A V A
increase 
or decrease
1 2-5 0-0 — — 5-0 1-0 10-0 — — — 0-8 - 1 5  0
2 2-0 0-5 — — 8-0 5-2 4-5 1-1 — — — ' — -12-5
3 0-0 3-0 — — 2-6 — 3-4 7-0 — 0-6 — — • -  6-0
4 3-25 2-75 — — 19-0 6-4 — 10-0 — — ■ 0-6 — -18-4
5 0-0 2-0 — — 2-3 1-0 8-7 — — — — 0-7 ' - 1 1 0
6 2-0 2-0 - — — 9-0 — — — — — 1-7 — -  7-3
T 1-5 2 0 — — 2-3 1-1 15-4 1-6 17 7
8 1-5 0-0 — — 1-0 2-0 1-3 1-4 — — — — -  2-3
9 0-75 1-25 ~ — 1-3 3-4 — 2-0 — — 0-7 ■— -  0-6
10 1-0 4-0 — — 34 0 — 14-0 — — — — — -4 8 -0
14-5 17-5 0 0 0-0 84-5 20-1 57-6 23-1 0 0 0-6 3-0 1-5 -138-8
Average for 10 Exps. : 
1-45 1-75 0-0 0 0 8-45 2 01 5-76 2-31 0-0 006 0-3 0-15 -13-89
T a b l e  I I .  Deep anæsthesia series.
Auricular aud Ventricular Amplitude, in mm.Auricular and 
Ventricular Rale
Decrease
Degree of 
anaesthesia
No. in 1st 2nd
Total
2nd half ventricular 
increase 
or decrease
Deep
Slight corneal 
reflex 
Deep 
Deep 
Deep 
Deep
Slight O.R.
Very deep 
Deep 
C. R. after 20 12 
secs.
Slight O.R..,. 13 
Deep ... 14
IncreaseDecrease 
1st half 2nd half 
V a " V A
Increase
1st half
series half half half
0 25 0 0 
0 5 0 5
•25 0 0
0-5 
0 0
0 5 
0 0
0 0 
0 0
0 0 
0 0
4 0 
8 0
0 4 — 
2 0 —
0-3 — 0 4 — 
10  10
- 3  6 
- 7  0
4-6 2-75 0-5 0 0 22-7 5-2 2 8 0 4 1-9 3 12 8 3 8 3 -1 1  9 
0-33 0-19 0-04 0-0 1 62 0 37 0 19 0 03 0 13 0-22 0-6 0-6 - 0  85Av. for 12 Exps.
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a l m o s t  p e r f e c t  r e g u l a r i t y ,  a  r e d u c t i o n  b o t h  i n  t h e  r a t e  a n d  t h e  a m p l i t u d e  
o f  t h e  h e a r t  b e a t ,  w h e r e a s  w h e n  t h e  a n i m a l  i s  d e e p l y  u n d e r  ( w h e n  t h e  
a d m i n i s t r a t i o n  o f  t h e  a n æ s t h e t i c  w a s  p u s h e d  u n t i l  t h e  c a r d i a c  c o n t r a c t i o n  
w a s  s l i g h t l y  a f f e c t e d )  t h e r e  i s  n o ,  o r  a t  m o s t  m e r e l y  t h e  s l i g h t e s t ,  
r e d u c t i o n  i n  t h e  r a t e  a n d  a m p l i t u d e  o f  t h e  h e a r t  b e a t .  T h a t  t h i s  
i n h i b i t o r y  i n f l u e n c e  o f  t h e  d e p t h  o f  t h e  a n æ s t h e s i a  i s  a  s e n s i t i v e  b a l a n c e  
i s  s h o w n  b y  t h e  f a c t  t h a t  w h e n  a  s e r i e s  o f  e x p e r i m e n t s  a r e  c a r r i e d  o u t  
i n  s u c c e s s i o n ,  b e g i n n i n g  w i t h  t h e  a n i m a l  d e e p l y  a n æ s t h e t i s e d  a n d  
c o n t i n u i n g  w i t h o u t  f u r t h e r  a d m i n i s t r a t i o n  o f  e t h e r ,  t h e r e  i s  a  s t e a d y  
i n c r e a s e  i n  t h e  c a r b o n  d i o x i d e  p o i s o n i n g  e f f e c t  a s  d e m o n s t r a t e d  b y  t h e  
g r a d u a l  d e c r e a s e  i n  t h e  a m p l i t u d e  o f  t h e  h e a r t  c o n t r a c t i o n ,  p a r t i c u l a r l y  
o f  t h e  v e n t r i c l e .
B .  Blood-pressure experiments.
I n  v i e w  o f  t h e  r e s u l t s  o b t a i n e d  b y  S t a r l i n g  a n d  h i s  c o - w o r k e r s  i t  
w a s  o f  i n t e r e s t  t o  i n v e s t i g a t e  t h e  e f f e c t  o f  t h e  a d m i n i s t r a t i o n  o f  c a r b o n  
d i o x i d e  i n  v a r y i n g  d e p t h s  o f  a n æ s t h e s i a  o n  t h e  b l o o d - p r e s s u r e  i n  a d d i t i o n  
t o  t h e  h e a r t  d i r e c t .
B e f o r e  d e t e r m i n i n g  t h e  i n f l u e n c e  o f  t h e  a d d i t i o n  o f  t h e  c a r b o n  
d i o x i d e  w e  e a r n e d  o u t  a  s e r i e s  o f  e x p e r i m e n t s  o n  t h e  d i r e c t  i n f l u e n c e  o f  
t h e  a n æ s t h e t i c  a l o n e  o n  t h e  b l o o d - p r e s s u r e .  W e  f o u n d  i n  a  n u m b e r  o f  
o u r  e x p e r i m e n t s  t h a t  o n  c h a n g i n g  f r o m  “ l i g h t ”  t o  “ v e r y  d e e p ”  a n æ s t h e s i a  
t h e  b l o o d - p r e s s u r e  m i g h t  f a l l  a s  m u c h  a s  5 0  m m .  o f  H g .  a n d  t h a t  a  
c o r r e s p o n d i n g  r i s e  i n  b l o o d - p r e s s u r e  t o o k  p l a c e  w h e n  t h e  a n æ s t h e s i a  
c h a n g e d  f r o m  “ d e e p ”  t o  “ l i g h t . ”
T h e  e f f e c t  o f  g i v i n g  c a r b o n  d i o x i d e  w a s  v e r y  m a r k e d  i n  t h a t ,  a s  t h e  
a n æ s t h e s i a  b e c a m e  l e s s  d e e p ,  t h e  a d m i n i s t r a t i o n  o f  t h e  c a r b o n  d i o x i d e  
a i r  m i x t u r e  b r o u g h t  a b o u t  a  g r a d u a l  i n c r e a s e  i n  t h e  b l o o d - p r e s s u r e .  I n  
s t a g e s  o f  l i g h t  a n æ s t h e s i a  t h e  c a r b o n  d i o x i d e  f r e q u e n t l y  c a u s e d  a  s h a r p  
r i s e  o f  f r o m  3 0  t o  4 0  m m .  H g .  f r o m  t h e  b a s e  l i n e  a t  t h e  c o m m e n c e m e n t  
o f  t h e  a d m i n i s t r a t i o n .  F u r t h e r ,  t h a t  t h e  b l o o d - p r e s s u r e  r i s e  c o n t i n u e d  
a f t e r  t h e  a d m i n i s t r a t i o n  o f  t h e  c a r b o n  d i o x i d e  h a d  c e a s e d ,  i n  o t h e r  w o r d s  
t h a t  t h e  a p e x  o f  t h e  b l o o d - p r e s s u r e  r i s e  w a s  n o t  s y n c h r o n o u s  w i t h  t h e  
p o i n t  o f  m i n i m u m  a m p l i t u d e  o f  t h e  a u r i c u l o - v e n t r i c u l a r  t r a c e .  I n  d e e p  
a n æ s t h e s i a  t h i s  r i s e  i n  b l o o d - p r e s s u r e  w a s  n o t  b r o u g h t  a b o u t  b y  t h e  
g i v i n g  o f  c a r b o n  d i o x i d e .  O n  t h e  o t h e r  h a n d  w h e n  t h e  a n æ s t h e s i a  
w a s  l e s s  d e e p  b u t  s t i l l  d e e p  e n o u g h  t o  p r e v e n t  t h e  c a r b o n  d i o x i d e  
a f f e c t i n g  v e r y  d e f i n i t e l y  t h e  r a t e  a n d  t h e  a m p l i t u d e  o f  t h e  h e a r t  a  r i s e  
i n  b l o o d - p r e s s u r e  m i g h t  o c c u r .
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A s  r e g a r d s  t h e  r e l a t i o n s h i p  o f  t h e  r i s e  a n d  f a l l  i n  b l o o d - p r e s s u r e  t o  
t h e  v a r i a t i o n  i n  t h e  a m p l i t u d e  a n d  r a t e  o f  t h e  c a r d i a c  c o n t r a c t i o n  o u r  
e x p e r i m e n t s  t e n d  t o  s h o w  t h a t ,  a l t h o u g h  t h e r e  m a y  b e  s o m e  c o n n e c t i o n ,  
t h e  d i m i n i s h e d  a m p l i t u d e  w h i c h  r e s u l t s  f r o m  t h e  a d m i n i s t r a t i o n  o f  
c a r b o n  d i o x i d e  d u r i n g  l i g h t  a n æ s t h e s i a  i s  n o t  s o l e l y  d e p e n d e n t  u p o n  t h e  
a l t e r a t i o n  o f  t h e  b l o o d - p r e s s u r e .  T h e  f o l l o w i n g  s h o r t  s u m m a r y  a n d  t h e  
s u b s e q u e n t  p r o t o c o l s  w i l l  s e r v e  t o  m a k e  t h e s e  p o i n t s  c l e a r .
Light anæsthesia + CO2 - M a r k e d  r i s e  i n  b l o o d - p r e s s u r e .  L a b o u r i n g  
h e a r t .  B l o o d - p r e s s u r e  s t a r t s  t o  r i s e  b e f o r e  t h e  h e a r t  t r a c e  b e c o m e s  
a f f e c t e d  a n d  t h e  a p e x  o f  t h e  b.-p. c u r v e  i s  f r e q u e n t l y  s u b s e q u e n t  t o  t h e  
p o i n t  o f  m i n i m u m  a m p l i t u d e  o f  t h e  c a r d i a c  c o n t r a c t i o n ;  i t  m a y  e v e n  
o c c u r  a f t e r  t h e  c e s s a t i o n  o f  t h e  a d m i n i s t r a t i o n  o f  t h e  C O , .
Fig. 5. Deep anæsthesia. Heart contraction and blood-pressure recorded simultane­
ously. 5 litres of 12 */(, COg-air mixture. Intervals =  14 secs. Total time =  111 secs.
Medium anæsthesia +  C O ^ . R i s e  i n  b l o o d - p r e s s u r e .  N o  m a r k e d  
l a b o u r i n g  o f  t h e  h e a r t  a l t h o u g h  s l i g h t  d i m i n u t i o n  i n  t h e  a m p l i t u d e  
m a y  t a k e  p l a c e .
Deep anæsthesia +  G O ^ . N o  r i s e  i n  b l o o d - p r e s s u r e .  P r a c t i c a l l y  n o  
a l t e r a t i o n  o f  a m p l i t u d e  o f  t h e  c a r d i a c  c o n t r a c t i o n .
T h e  f o l l o w i n g  e x p e r i m e n t s  m a y  a l s o  b e  c i t e d  :
P r o t o c o l  I I I .  T h e  a n i m a l  w a s  v e r y  d e e p l y  a n æ s t h e t i s e d  a n d  a  s e r i e s  
o f  t r a c i n g s  w i t h o u t  f u r t h e r  a n æ s t h e s i a  w e r e  t a k e n  a t  i n t e r v a l s  o f  a b o u t
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f o u r  m i n u t e s .  ( T h e  e x p e r i m e n t  w a s  s t o p p e d  b e f o r e  t h e  a n i m a l  c a m e  
o u t  o f  t h e  a n æ s t h e s i a . )
( a )  A n i m a l  d e e p l y  u n d e r .  F i v e  l i t r e s  o f  1 2  ®/o c a r b o n  d i o x i d e  a i r  
m i x t u r e  g i v e n .  T h e  a u r i c u l a r  c o n t r a c t i o n  w a s  p o o r  b e f o r e  t h e  c a r b o n  
d i o x i d e  w a s  a d m i n i s t e r e d  b u t  c o m m e n c e d  t o  i m p r o v e  a f t e r  a b o u t  o n e  
m i n u t e  a n d  w a s  q u i t e  g o o d  a t  t h e  e n d  o f  t h e  a d m i n i s t r a t i o n .  T h e  
v e n t r i c u l a r  t r a c e  s h o w e d  a  s l i g h t  d i m i n u t i o n  i n  a m p l i t u d e  f o r  s o m e  2 5  
s e c o n d s  b u t  s u b s e q u e n t l y  i n c r e a s e d  t o  i t s  i n i t i a l  s i z e .  T h e  b l o o d - p r e s s u r e  
r o s e  v e r y  s l i g h t l y  a t  f i r s t  b u t  n o t  a g a i n  u n t i l  m o r e  t h a n  h a l f  o f  t h e  
c a r b o n  d i o x i d e  h a d  b e e n  g i v e n  w h e n  a  s e c o n d  s l i g h t  r i s e  t o o k  p l a c e .  I n  
a l l  t h e  r i s e  i n  b l o o d - p r e s s u r e  f r o m  t h e  b e g i n n i n g  o f  t h e  e x p e r i m e n t  
u n t i l  i t  r e a c h e d  i t s  m a x i m u m  h e i g h t  a b o u t  2 0  s e c o n d s  a f t e r  t h e  c e s s a t i o n  
o f  t h e  a d m i n i s t r a t i o n  o f  t h e  c a r b o n  d i o x i d e  w a s  o n l y  a b o u t  1 2  m m .  o f  H g .  
( s e e  F i g .  5 ) .  A f t e r  t h e  c a r b o n  d i o x i d e  w a s  a l l  g i v e n  a n d  p u r e  a i r  w a s  
a d m i n i s t e r e d  t h e  c a r d i a c  a m p l i t u d e  r a p i d l y  i n c r e a s e d ,  b u t  t h e  b l o o d -  
p r e s s u r e  a f t e r  r e a c h i n g  i t s  m a x i m u m  v e r y  g r a d u a l l y  f e l l  a w a y .  T h e  
f i g u r e s  w e r e  :
Rate. Commencement Middle of End ofof experiment experiment experiment
Ventricle [ 3 geconds 13-0 13 0 130
Auricle ) ? 13 0 130
Amplitude.
Ventricle ) average of 3 contrac- 46 0 mm. 40 3 mm. 43 1 mm.
Auricle J tions ? 1 0 3 0
Height of lowest point of ventri­ 76 0 mm. 84'0 mm. 80 0 mm.
cular contraction above tbe
base line
Blood-pressure in mm. Hg. above 25 0 mm. 27 0 mm. 35 0 mm.*
base line
* 30 seconds later 37 0 mm.
(h) N o .  5  i n  s e r i e s .  A n i m a l  l i g h t l y  a n æ s t h e t i s e d  a n d  t h e  h e a r t  
b e a t i n g  w e l l .  W h e n  f i v e  l i t r e s  o f  1 2 ® /o  c a r b o n  d i o x i d e  a i r  m i x t u r e  w e r e  
g i v e n  b o t h  t h e  v e n t r i c u l a r  a n d  t h e  a u r i c u l a r  c o n t r a c t i o n s  d i m i n i s h e d  i n  
a m p l i t u d e ,  t h e  r a t e  s l o w e d  b u t  t h e  b l o o d - p r e s s u r e  r o s e  s o m e  3 0  s e c o n d s  
a f t e r  t h e  c o m m e n c e m e n t  o f  t h e  e x p e r i m e n t .  A f t e r  t h e  a d m i n i s t r a t i o n  
o f  t h e  c a r b o n  d i o x i d e  h a d  c e a s e d  t h e  h e a r t  b e g a n  t o  c o n t r a c t  b e t t e r  a n d  
t h e  r a t e  i n c r e a s e d  a g a i n ,  t h e  b l o o d - p r e s s u r e  h o w e v e r  c o n t i n u e d  t o  r i s e  
f o r .  a  f u r t h e r  3 0  s e c o n d s  a n d  r e a c h e d  i t s  m a x i m u m  a t  a  p o i n t  w h e n  t h e  
v e n t r i c u l a r  a n d  a u r i c u l a r  t r a c e s  w e r e  r a p i d l y  i n c r e a s i n g  i n  a m p l i t u d e  
( s e e  F i g .  6 ) .  T h e  f i g u r e s  w e r e  :
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Rate. Commencement 
of experiment
Middle of 
experiment
End of 
experiment
Ventricle 1 3 13-0 8-0 8-0
Auricle i 13 0 8 0 8-0
Amplitude.
Ventricle ) average of 3 oontrac- 54 3 mm. 21 7 mm. 21-3 mm.
Auricle 1 tions 7-7 1-8 1-3
Height of lowest point of ventri­ 78-0 mm. 101 0 mm. 101-0 mm.
cular trace above tbe base line
Blood-pressure in mm. Hg. above 52 0 mm. 68 0 mm. 77 0 mm.
base line
* 30 seconds later, 90 mm.
Fig. 6 . Light anæsthesia.. Heart contraction and blood-pressure recorded simultane­
ously. 5 litres of 12 9/o COo-air mixture. Intervals =  14 secs. Total time=100 secs.
T h u s  i t  w o u l d  a p p e a r  t h a t  w h e n  t h e  a n æ s t h e s i a  i s  d e e p ,  s o  d e e p  
t h a t  c a r b o n  d i o x i d e  h a s  p r a c t i c a l l y  n o  e f f e c t  o n  t h e  a m p l i t u d e  o f  t h e  
h e a r t  b e a t ,  t h e r e  i s  n o  m a r k e d  r i s e  i n  t h e  b l o o d - p r e s s u r e  i n  s p i t e  o f  t h e  
f a c t  t h a t  t h e  p e r c e n t a g e  o f  c a r b o n  d i o x i d e  u s e d  o u g h t ,  i f  t h e  e x p l a n a t i o n  
o f  S t a r l i n g  a n d  v o n  A n r e p  b e  t h e  c o r r e c t  o n e ,  t o  h a v e  e v o k e d  a  
s e c r e t i o n  o f  a d r e n a l i n  w i t h  i t s  a c c o m p a n y i n g  r i s e  i n  b l o o d - p r e s s u r e ;  a n d  
y e t ,  w i t h  t h e  l i g h t  a n æ s t h e s i a ,  w h e n  t h e  a m p l i t u d e  i s  a f f e c t e d ,  w e  f i n d  
t h e  r i s e  i n  b l o o d - p r e s s u r e  n o t e d  b y  S t a r l i n g .  ( I t  m a y  b e  n o t e d  h e r e  
t h a t  E l l i o t  (18) h a s  s h o w n  t h a t  e t h e r  i t s e l f  d o e s  n o t  h a v e  a n y  d i r e c t  
e f f e c t  i n  e x h a u s t i n g  t h e  s u p r a r e n a l s . )
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A t  p r e s e n t  w e  a r e  c a r r y i n g  o u t  a  f u r t h e r  s e r i e s  o f  e x p e r i m e n t s  w i t h  
a  v i e w  t o  e l u c i d a t i n g  t h e  m a n n e r  i n  w f f i ic h  t h e  a n æ s t h e s i a  e x e r c i s e s  
i t s  i n h i b i t i n g  a c t i o n .  S u c h  r e s u l t s  a s  w e  h a v e  o b t a i n e d  p o i n t  t o  t h e  
i n h i b i t o r y  i n f l u e n c e  o f  t h e  e t h e r  b e i n g  d u e  t o  i t s  a c t i o n  o n  a  c e n t r a l  
s y n a p s e  a l t h o u g h  o u r  e x p e r i m e n t s  a s  y e t  a r e  t o o  f e w  i n  n u m b e r  t o  
p e r m i t  u s  m a k i n g  a t  p r e s e n t  a n y  h a r d  a n d  f a s t  g e n e r a l i s a t i o n .
A s  r e g a r d s  t h e  p r a c t i c a l  a s p e c t s  o f  o u r  w o r k  i t  c e r t a i n l y  g i v e s  
s u p p o r t  t o  t h e  c o n t e n t i o n  t h a t  i f  a n æ s t h e s i a  i s  t o  b e  c a r r i e d  o u t  w i t h  
a n y  d e g r e e  o f  s a f e t y  i t  m u s t  b e  d e e p .
W e  w i s h  t o  e x p r e s s  o u r  t h a n k s  t o  M r  A .  W a t s o n  w h o  k i n d l y
a s s i s t e d  a t  m a n y  o f  t h e  e x p e r i m e n t s .
Part of the expenses of this research was defrayed by a grant from the Carnegie 
Trustees.
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C H L O R O F O R M  A N Æ S T H E S I A  I N  T H E  L I G H T  O F  
P H Y S I O L O G I C A L  R E S E A R C H ;
B y GEORGE HERBERT CLARK, M .B., D .P .B .,
Lecturer in Physiology in the University of Glasgow.
A nything which throws light on the effects of chloroform 
anæsthesia is of practical interest, and this is particularly 
true of the dangers associated with the use of the drug. I  
venture, therefore, to communicate the following observations 
as they have, I  believe, a very practical bearing on the 
subject.
D u r i n g  t h e  s u m m e r  o f  1 9 1 2  D r .  C a t h c a r t  a n d  I  c o m m e n c e d  
a  s e r i e s  o f  e x p e r i m e n t s ,  i n  w h i c h  w e  e n d e a v o u r e d  t o  f i n d  o u t  
w h a t  w a s  t h e  e f f e c t  o f  G O g  i n  v a r i o u s  p e r c e n t a g e s  u p o n  t h e  
h e a r t ,  a n d  w h e t h e r  t h e  a d m i n i s t r a t i o n  s i m u l t a n e o u s l y  o f  O ,  
o r  l a c t i c  a c i d  m o d i f i e d  t h i s .  T h i s  w o r k  i s  a t  p r e s e n t  b e i n g  
c a r r i e d  o n ,  b u t  s o m e w h a t  u n e x p e c t e d l y  o u r  a t t e n t i o n  w a s  
d i r e c t e d  t o  a  f a c t  t h a t  i s  o f  c o n s i d e r a b l e  c l i n i c a l  i m p o r t a n c e .
W e  f o u n d  t h a t  w h e n  a n i m a l s  a r e  really  d e e p l y  u n d e r  a n  
a n æ s t h e t i c  t h e  h e a r t  i s  v e r y  m u c h  l e s s  s u s c e p t i b l e  t o  t h e  
e f f e c t s  o f  G O g  t h a n  w h e n  t h e y  a r e  l i g h t l y  u n d e r .  W h e n  t h e  
a n i m a l  i s  d e e p l y  u n d e r ,  t h e  a d m i n i s t r a t i o n  o f  C O ,  i n  v a r y i n g  
p e r c e n t a g e s  u p  t o  2 0  p e r  c e n t  d o e s  n o t  c a u s e  a  m a r k e d  e f f e c t  
u p o n  t h e  h e a r t - b e a t  f o r  a  v e r y  c o n s i d e r a b l e  t i m e .  W h e n  t h e  
a n i m a l  i s  n o t  d e e p l y  a n æ s t h e t i s e d ,  h o w e v e r ,  s o o n  a f t e r  t h e  
a d m i n i s t r a t i o n  o f  t h e  C O g  c o m m e n c e s  t h e  h e a r t - b e a t  b e c o m e s  
s l o w e r  a n d  d i m i n i s h e d  i n  a m p l i t u d e ,  t h e  h e a r t  c o n t r a c t s  l e s s  
a n d  l e s s  s a t i s f a c t o r i l y  u n t i l  p e r h a p s  t h e  a n i m a l  s t r u g g l e s  i n  
t h e  f i r s t  s t a g e  o f  a s p h y x i a ,  o r  e l s e  t h e  h e a r t  c o n t r a c t i o n
 ^ A  portion of an address delivered to the University Medico-Chirur- 
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b e c o m e s  l a b o u r e d ,  a n d  m a y  c o m e  a l m o s t  t o  a  s t a n d s t i l l .  
T h i s  c o n d i t i o n  r a p i d l y  p a s s e s  o f f  o n  t h e  c i r c u l a t i o n  o f  p u r e  
a i r ,  o r  O g , t h r o u g h  t h e  l u n g s .  T h e  f a c t  h a s  b e e n  t e s t e d  b y  u s  
r e p e a t e d l y ,  a n d  t h e  r e s u l t  i s  a l w a y s  t h e  s a m e .
I n  a l l  b u t  o n e  o f  t h e  s e r i e s  o f  e x p e r i m e n t s  w h i c h  w e  h a v e  
c a r r i e d  o u t  t h e  a n æ s t h e t i c  u s e d  w a s  o t h e r ,  a n d  w e  a r e  n o w  
e n d e a v o u r i n g  t o  o b t a i n  s i m i l a r  r e s u l t s  w i t h  c h l o r o f o r m .  
H e r e  w e  h a v e  b e e n  m e t  w i t h  a  s o m e w h a t  u n e x p e c t e d  d i f f i ­
c u l t y ,  f o r  r a b b i t s ,  w h i c h  w e  h a v e  u s e d  e x c l u s i v e l y  t i l l  n o w ,  
d o  n o t  t a k e  c h l o r o f o r m  w e l l .  I n  t h e s e  a n i m a l s  t h e  r a p i d  
a s s u m p t i o n  o f  c h l o r o f o r m  a n æ s t h e s i a  i s  f o l l o w e d  b y  d e a t h .  
A  g r a d u a l l y  d e e p e n i n g  a n æ s t h e s i a ,  p r o d u c e d  w i t h  v e r y  d i l u t e  
C H C I 3 v a p o u r  i s  n o t  s o  f a t a l ,  b u t  i t  h a s  a  m a r k e d  e f f e c t  o n  
t h e  h e a r t .  W e  h a v e  f o u n d  t h a t  t h e  i n t r o d u c t i o n  o f  t o o  
s t r o n g  a  G H C l g - a i r  m i x t u r e  k i l l s  t h e  r a b b i t  b y  t h r o w i n g  i t s  
h e a r t  i n t o  f i b r i l l a r  c o n t r a c t i o n s — t h a t  i s  t o  s a y ,  t h e  n o r m a l l y  
c o - o r d i n a t i n g  m e c h a n i s m  i s  l o s t ,  a n d  t h e  v a r i o u s  p a r t s  o f  
e a c h  c h a m b e r  c o n t r a c t ,  i r r e s p e c t i v e  o f  a n y  r h y t h m .  T h e  
c o n d i t i o n  i s  g e n e r a l l y  f a t a l .  W e  f o u n d ,  h o w e v e r ,  i n  t h e  o n e  
e x p e r i m e n t  t h a t  w e  h a v e  d o n e ,  t h a t  a  C O g - a i r  m i x t u r e  c a u s e s  
t h e  h e a r t  t o  s t o p  f f b r i l l a t i n g ,  a n d  t o  t a k e  o n  a g a i n  a  n o r m a l  
b e a t .  W h a t  t h e  e x a c t  r e a s o n  f o r  t h i s  i s ,  i s  d i f f i c u l t  t o  s a y ,  
u n l e s s  i t  i s  t h a t  t h e  w e l l - k n o w n  s t i m u l a t i n g  a c t i o n  o f  C O g  
u p o n  t h e  v a g u s  c e n t r e  i n  t h e  m e d u l l a  c a u s e s  a  d i m i n i s h e d  
e x c i t a b i l i t y  o f  t h e  h e a r t  a s  a  w h o l e ,  a n d  h e n c e  t h e  p a c e ­
m a k e r  i n  t h e  s i n o - a u r i c u l a r  r e g i o n  c a n  a g a i n  t a k e  t h e  l e a d .
T h e  c a u s e  o f  d e a t h  d u r i n g  c h l o r o f o r m  a n æ s t h e s i a  h a s  b e e n  
v e r y  f u l l y  i n v e s t i g a t e d  b y  L e v y ,  w h o  s h o w s  q u i t e  c o n c l u s i v e l y  
t h a t  t h e  p e r i o d  o f  d a n g e r  i s  t h a t  o f  l i g h t  a n æ s t h e s i a .  H i s  
g e n e r a l  c o n c l u s i o n s  a r e  s u f f i c i e n t l y  n o t e w o r t h y  t o  q u o t e  i n  
f u l l .
1 . T h e  m a m m a l i a n  h e a r t ,  w h e n  u n d e r  t h e  i n f l u e n c e  o f  
c h l o r o f o r m ,  i s  i n  a n  “ i r r i t a b l e  ”  ( s h o w s  a  t e n d e n c y  t o  e x h i b i t  
b e a t s  o f  a  h e t e r o g e n i c  o r i g i n )  c o n d i t i o n .  T h i s  i r r i t a b i l i t y  i s  
r a i s e d  u n d e r  c o n d i t i o n s  o f  l i g h t  a n æ s t h e s i a ,  a n d  l o w e r e d  u n d e r  
c o n d i t i o n s  o f  d e e p  a n æ s t h e s i a .
2 .  A b n o r m a l  v e n t r i c u l a r  b e a t s  a r e  e v o k e d  i n  a  h e a r t  
u n d e r  c h l o r o f o r m  b y  c o n d i t i o n s  w h i c h  s t i m u l a t e  i t ,  o r  b y  
e q u i v a l e n t  c o n d i t i o n s  w h i c h  r e m o v e  o r  r e d u c e  d e p r e s s i n g  
i n f i u e n c e s .
3 .  U n d e r  c o n d i t i o n s  o f  l i g h t  c h l o r o f o r m  a n æ s t h e s i a ,  t h e  
v e n t r i c u l a r  i r r e g u l a r i t i e s  r e s u l t i n g  f r o m  c a r d i a c  s t i m u l a t i o n  
m a y  t e r m i n a t e  i n  v e n t r i c u l a r  f i b r i l l a t i o n  a n d  d e a t h  o f  ' t h e  
h e a r t .
in  the L ig lit o f  lIiyH i,olo(j'lcid Reseavdi. 3
4 .  S t i m u l a t i o n  o f  t h e  h e a r t  m a y  b o  e f f e c t e d — (a) a s  a  r e f l e x  
f r o m  s e n s o r y  e x c i t a t i o n  ; (b) a s  a  r e s u l t  o f  a n  i n t e r m i t t e n t  
a d m i n i s t r a t i o n  o f  t h e  a n æ s t h e t i c  ; ( c )  a s  a  r e s u l t  o f  t b e  s t a t e  
o f  n e r v o u s  e x c i t e m e n t ,  a c c o m p a n i e d  b y  s t r u g g l i n g ,  i n d u c e d  b y  
c h l o r o f o r m  i n  t h e  e a r l i e r  s t a g e s  o f  i t s  a d m i n i s t r a t i o n .
5 .  V e n t r i c u l a r  f i b r i l l a t i o n  i s  a  c a u s e  o f  d e a t h  u n d e r  c h l o r o ­
f o r m ,  p r o b a b l y  t h e  o n l y  c a u s e  o f  a n y  m o m e n t .  I t  c a n  h e  
p r e v e n t e d  b y  s t e a d i l y  m a i n t a i n i n g  a  f u l l  d e g r e e  o f  a n æ s t h e s i a .
A  p r a c t i c a l  p o i n t  o f  c o n s i d e r a b l e  i n t e r e s t  i s  t h a t  a d r e n a l i n  
m a y  p r o d u c e  f i b r i l l a t i o n  o f  t h e  h e a r t  i f  a d m i n i s t e r e d  i n  a n y  
q u a n t i t y  d u r i n g  l i g h t  a n æ s t h e s i a .
W i t h  c h l o r o f o r m ,  h o w e v e r ,  t h e  g r e a t  d a n g e r  i s  n o t  p e r h a p s  
s o  m u c h  o f  a n  a c u t e  p o i s o n i n g  a s  o f  w h a t  i s  n o w  d e s c r i b e d  a s  
d e l a y e d  c h l o r o f o r m  p o i s o n i n g .  T h i s  i s  a  s u b j e c t  w h i c h  h a s  
b e e n  i n v e s t i g a t e d  s o m e w h a t  f u l l y  b y  p h y s i o l o g i s t s  a n d  
o t h e r s ,  a n d  a s  i t  h a s  a  v e r y  p r a c t i c a l  a p p l i c a t i o n  i n  m e d i c i n e  
a n d  i n  s u r g e r y ,  I  s h a l l  r e f e r  t o  o n e  o r  t w o  o f  t h e  m o r e
i m p o r t a n t  p o i n t s  i n  c o n n e c t i o n  w i t h  i t .
W h e n  a n y  g e n e r a l  a n æ s t h e t i c  i s  u s e d ,  i t  o w e s  i t s  a n æ s t h e t i c  
p o w e r  t o  i t s  a b i l i t y  t o  c o m b i n e  w i t h  l i p o i d s ,  a n d  m o r e  
e s p e c i a l l y ,  i n  t h e  f i r s t  i n s t a n c e ,  w i t h  t h o s e  o f  t h e  r e d  c o r ­
p u s c l e s .  I n  a  n o r m a l  a n æ s t h e s i a  t h e  d i s t r i b u t i o n  o f  c h l o r o ­
f o r m  i n  t h e  b l o o d  i s  8 8  p e r  c e n t  i n  t h e  c o r p u s c l e s  a n d  a b o u t  
1 2  p e r  c e n t  i n  t h e  p l a s m a .  D u r i n g  a n æ s t h e s i a  t h e  c o r p u s c l e s  
a n d  p l a s m a  p a r t  w i t h  t h e i r  c h l o r o f o r m  t o  t h e  t i s s u e s  w h i c h  
p o s s e s s  l i p o i d s ,  a n d  m o r e  e s p e c i a l l y  t o  t h o s e  r i c h  i n  t h e s e  
b o d i e s ,  s u c h  a s  b r a i n  a n d  n e r v e  t i s s u e .  F o r  t h i s  r e a s o n  f a t
s u b j e c t s  r e q u i r e  a  l a r g e  q u a n t i t y  o f  c h l o r o f o r m  o r  o t h e r
a n æ s t h e t i c  b e f o r e  t h e y  a r e  a n æ s t h e t i s e d ,  a n d  t h e y  c o m e  o u t  
s l o w l y  a f t e r  t h e  a n æ s t h e t i c  i s  s t o p p e d .
T h e  w h o l e  q u e s t i o n  o f  s a f e t y  i n  a n æ s t h e s i a  i s  a  q u e s t i o n  o f  
r a t e  o f  a s s u m p t i o n  a n d  r a t e  o f  e l i m i n a t i o n  o f  t h e  d r u g .  T h e  
m o r e  r a p i d  t h e  r a t e  o f  a s s u m p t i o n  t h e  g r e a t e r  t h e  d a n g e r  ; 
t h e  m o r e  r a p i d  t h e  e l i m i n a t i o n  t h e  b e t t e r  f o r  t h e  p a t i e n t .
T h e  u s e f u l  p a r t  o f  t h e  a n æ s t h e t i c  a p p e a r s  t o  b e  t h a t  w h i c h  
a t t a c h e s  i t s e l f  t o  t h e  c o r p u s c l e s ,  a n d  t h e  d a n g e r o u s  p a r t ,  a s  f a r  
a s  d e l a y e d  p o i s o n i n g  i s  c o n c e r n e d ,  t h a t  w h i c h  p a s s e s ,  p r o b a b l y  
i n  s o l u t i o n ,  i n t o  t h e  p l a s m a .  I n  a n y  c a s e ,  t h e  a m o u n t  i n  t h e  
c o r p u s c l e s  i s  r a p i d l y  a s s u m e d  a n d  r a p i d l y  e l i m i n a t e d ,  b u t  t h a t  
i n  t h e  p l a s m a  i s  n o t  s o  r a p i d l y  e l i m i n a t e d .  T h i s  l a t t e r  a m o u n t  
i n  a l l  i s ,  o f  c o u r s e ,  s m a l l ,  a n d  i t s  e f f e c t  o n  t h e  t i s s u e s  i s  
c o r r e s p o n d i n g l y  s m a l l ,  unless it  persists in  the blood for 
some time.
I n  c a s e s  w h i c h  r e a d i l y  r e c o v e r e d  f r o m  t h e  a n æ s t h e s i a ,  a
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s m a l l  m o i e t y  o f  c h l o r o f o r m  i s  f o u n d  i n  t h e  b l o o d  s o m e  h o u r s  
a f t e r  t h e  a n æ s t h e t i c  h a s  b e e n  g i v e n .  T h i s  q u a n t i t y  i s  m u c h  
i n c r e a s e d  i f  t h e  a n i m a l  i s  k e p t  q u i e t  a f t e r  t h e  a n æ s t h e t i c  h a s  
b e e n  g i v e n ,  a n d  d u r i n g  t h e  t i m e  i t  i s  c o m i n g  o u t .  O n  t h e  
o t h e r  h a n d ,  i t  i s  d i m i n i s h e d  w i t h  m o v e m e n t  a n d  f r e e  v e n t i l a ­
t i o n  i n  t h e  p o s t - a n æ s t h e t i c  p e r i o d .
W h e n  t i s s u e s  a r e  i m m e r s e d  i n  s e r u m  c o n t a i n i n g  c h l o r o f o r m ,  
a  s e r i e s  o f  c h a n g e s  t a k e  p l a c e  in vitro  w h i c h  a r e  c o m p a r a b l e  
w i t h  t h o s e  w h i c h  a r e  f o u n d  post-mortem  i n  t i s s u e s  r e m o v e d  
f r o m  a n i m a l s  w h i c h  h a v e  b e e n  a n æ s t h e t i s e d  w i t h  c h l o r o f o r m  
f o r  a  l o n g  t i m e ,  o r  w h i c h  h a v e  r e c e i v e d  d o s e s  b y  t h e  s t o m a c h ,  
a n d  i n  w h i c h  e l i m i n a t i o n  i s  s l o w .  T h e s e  c h a n g e s  c o n s i s t  o f  
g r a n u l a r  d e g e n e r a t i o n  o f  t h e  c e l l s  o f  t h e  k i d n e y  a n d  l i v e r .  
T h e  m o s t  t y p i c a l  e f f e c t  i s  t h e  d e g e n e r a t i o n  o f  t h e  c e l l s  
i n  t h e  c e n t r e  o f  t h e  l o b u l e s  o f  t h e  l i v e r .  I n  m a r k e d  c a s e s  
a l m o s t  t h e  w h o l e  o f  t h e  l o b u l e  u n d e r g o e s  d e g e n e r a t i o n ,  a n d  
a  m e r e  s h e l l  o f  h e a l t h y  c e l l s  s u r r o u n d s  t h e  d e g e n e r a t e  t i s s u e .
I n  t h e s e  c a s e s  w h e r e  t h i s  o c c u r s  e l i m i n a t i o n  o f  t h e  d r u g  i s  
f o u n d  t o  b e  s l o w ,  a n d  t h e  b l o o d  i n v a r i a b l y  s h o w s  a  h i g h  
p e r c e n t a g e  o f  c h l o r o f o r m  i n  t h e  p l a s m a .  T h u s ,  t h e  r a t e  
o f  e l i m i n a t i o n  a p p e a r s  t o  d e p e n d  u p o n  t h e  d i s t r i b u t i o n  o f  
c h l o r o f o r m  b e t w e e n  c o r p u s c l e s  a n d  p l a s m a .  I n  t h o s e  a n i m a l s  
w h o s e  p l a s m a  t a k e s  u p  a  m u c h  l a r g e r  p r o p o r t i o n  o f  c h l o r o f o r m  
t h a n  n o r m a l  t h e  s y m p t o m s  o f  d e l a y e d  c h l o r o f o r m  p o i s o n i n g  
a r e  f o u n d .
T h e  d e s t r u c t i o n  o f  t h e  c e n t r e  o f  t h e  l o b u l e s  o f  t h e  l i v e r  
p r o f o u n d l y  m o d i f i e s  t h e  m e t a b o l i s m  o f  t h e  a n i m a l ,  a n d  l o s s  
o f  w e i g h t ,  v o m i t i n g ,  d i a r r h o e a ,  a c i d o s i s ,  a l b u m i n u r i a ,  a n d  
e v e n t u a l l y  d e a t h ,  o c c u r .  A l o n g  w i t h  t h i s ,  t h e  d e s t r u c t i o n  o f  
t h e  l i v e r  t i s s u e ,  a c c o r d i n g  t o  H a g a n  a n d  O r m o n d ,  r e s u l t s  i n  
a  r e d u c e d  p r o d u c t i o n  o f  f i b r i n o g e n ,  a n d  t h e r e f o r e  a  d e l a y e d  
c l o t t i n g  o f  t h e  b l o o d .  T h i s  d e l a y  i n  c l o t t i n g  o f  t h e  b l o o d  i s  
p r o b a b l y  t h e  c a u s e  o f  r e a c t i o n a r y  h æ m o r r h a g e s  a f t e r  o p e r a ­
t i o n s .  A s  r e c o v e r y  t a k e s  p l a c e  t h e  l i v e r  l o b u l e s  r e g e n e r a t e ,  
t h e  f i b r i n o g e n  p r o d u c t i o n  i n c r e a s e s ,  a n d  t h e  m e t a b o l i s m  
g r a d u a l l y  b e c o m e s  n o r m a l .  T h i s ,  h o w e v e r ,  d o e s  n o t  t a k e  
p l a c e  i n  a  v e r y  l a r g e  p r o p o r t i o n  o f  a l l  t h e  c a s e s .
W h e r e  s m a l l  d o s e s  o f  t h e  d r u g  a r e  g i v e n  b y  t h e  s t o m a c h  o v e r  
l o n g  p e r i o d s ,  t h e  r e s u l t  i s  a l s o  t o  p r o d u c e  a  f o r m  o f  c h r o n i c  
c h l o r o f o r m  p o i s o n i n g  w i t h  s o m e w h a t  s i m i l a r  s y m p t o m s .  
W h i l e  t h e  d r u g  i s  n o t  g e n e r a l l y  g i v e n  i n  t h i s  f o r m ,  i t  i s  
t a k e n  i n  t h e  f o r m  o f  c h l o r o d y n e  i n  l o z e n g e s  o v e r  l o n g  
p e r i o d s ,  p a r t i c u l a r l y ,  a s  w a s  p o i n t e d  o u t  b y  C r i c h t o n  B r o w n e ,  
i n  c e r t a i n  d i s t r i c t s  i n  E n g l a n d .  A n i m a l s  s u b j e c t e d  t o  t h i s
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t r e a t m e n t  o v e r  s h o r t  p e r i o d s  d i e  w i t h  e x t e n s i v e  d e g e n e r a t i v e  
c h a n g e s  i n  t h e  l i v e r ,  a n d  s o m e t i m e s  i n  t h e  k i d n e y s  a n d  
h e a r t .
S o  f a r  t h e r e  a p p e a r s  t o  b e  n o  m e a n s  o f  f i n d i n g  o u t  b e f o r e  
a d m i n i s t r a t i o n  o f  a n  a n æ s t h e t i c  w h e t h e r  t h e  p l a s m a  o f  t h e  
p a t i e n t  w i l l  t a k e  u p  a  s m a l l e r  o r  l a r g e r  p e r c e n t a g e  o f  c h l o r o ­
f o r m .  A s  i t  i s ,  t h e  f i r s t  s y m p t o m  i s  a  c o n t i n u e d  v o m i t i n g ,  
w h i c h  m a y  p e r s i s t  f o r  a  w e e k  o r  m o r e  a f t e r  t h e  a n æ s t l i e t i c  
h a s  b e e n  g i v e n .
T h e s e  c a s e s ,  w h e n  t h e y  o c c u r ,  s h o u l d  b e  t r e a t e d  i n  s u c h  a  
w a y  a s  t o  i n c r e a s e  t h e  e l i m i n a t i o n  o f  t h e  d r u g  a n d  t h u s  g e t  
r i d  o f  i t  a s  s o o n  a s  p o s s i b l e ,  a n d  i n  t h a t  w a y  a l l o w  r e p a i i -  o f  
d e g e n e r a t i v e  t i s s u e  t o  t a k e  p l a c e .  T h u s  l o t s  o f  f l u i d  a n d  
p l e n t y  o f  f r e s h  a i r  a r e  o f  s e r v i c e .  T o  a l l o w  a  p a t i e n t  t o  
“  s l e e p  o f f  ” c h l o r o f o r m  i s  n o t  a  g o o d  t h i n g  i f  h e  s h o w s  s i g n s  o f  
s l e e p i n g  f o r  a  l o n g  w h i l e  ; s o  a l s o  a s  r e g a r d s  a d m i n i s t r a t i o n  
o f  c h l o r o d y n e ,  o r  a n y  f o r m  o f  c h l o r o f o r m ,  b y  m o u t h .  T h i s  
s h o u l d  n e v e r  b e  c o n t i n u e d  f o r  l o n g  i n  a n y  c o n d i t i o n .
B e f o r e  l e a v i n g  t h i s  s u b j e c t ,  I  m a y  r e m a r k  u p o n  t h e  i d e a  
t h a t  i s  g e n e r a l l y  h e l d  t h a t  p r e g n a n t  a n i m a l s ,  a n d  p a t i e n t s  i n  
c o u r s e  o f  b e i n g  d e l i v e r e d ,  a r e  a l m o s t  i m m u n e  t o  c h l o r o f o r m  
p o i s o n i n g .  E x p e r i m e n t a l  w o r k  h a s  s h o w n  t h i s  t o  b e  a  f a l l a c y ,  
a s  p r e g n a n t  d o g s  a n d  c a t s  a r e  s o m e w h a t  more s u s c e p t i b l e  t o  
t h e  a c t i o n  o f  t h e  d r u g .  C u r i o u s l y  e n o u g h ,  t h e  f œ t u s  i s  n o t  
s u s c e p t i b l e  t o  c h l o r o f o r m  p o i s o n i n g ,  i n  d o g s  a t  l e a s t ,  u n t i l  
t h r e e  w e e k s  a f t e r  b i r t h .
' C h l o r o f o r m ,  t h e n ,  i s  a  d r u g  w h i c h ,  w h i l e  i t  i s  a d m i t t e d l y  
h a n d y  a n d  e a s i l y  g i v e n ,  i s  d a n g e r o u s  d u r i n g  i t s  a d m i n i s t r a t i o n  
w h e n  h e a r t  f a i l u r e  i s  l i a b l e  t o  o c c u r  f r o m  v a r i o u s  c a u s e s  ; i t  
i s  d a n g e r o u s  a f t e r w a r d s  b e c a u s e  i t  i s  l i a b l e  t o  c a u s e  a  t r a i n  
o f  s y m p t o m s  k n o w n  a s  d e l a y e d  c h l o r o f o r m  p o i s o n i n g ,  w h i c h  
i s  n o t  b y  a n y  m e a n s  s o  u n c o m m o n  a s  i s  s u p p o s e d .  I t s  u s e  a s  
a n  a n æ s t h e t i c  s h o u l d  b e  d i s c o u r a g e d ,  a n d  t h e  h a b i t  o f  g i v i n g  
s m a l l  d o s e s  t o  r e l i e v e  p a i n  w h i c h  i s  n o t  l i k e l y  t o  b e  s e v e r e  
c a n n o t  b e  t o o  s t r o n g l y  c o n d e m n e d .  T h e  m e r e  f a c t  t h a t  t h e  
d r u g  i s  b e i n g  g i v e n  t o  r e l i e v e  a  p a r o x y s m  o f  p a i n  o f t e n  l e a d s  
t o  i t s  b e i n g  a d m i n i s t e r e d  v e r y  r a p i d l y  a n d  o f t e n  w i t h o u t  
d u e  c a r e .  T h e  r a p i d  a n d  i r r e g u l a r  a d m i n i s t r a t i o n  o f  s u c h  
a  d r u g  i s  m o s t  f r e q u e n t l y  t h e  c a u s e  o f  d e a t h  f r o m  h e a r t  
f a i l u r e  w h e n  d e a t h  o c c u r s .
W h e n  c h l o r o f o r m  i s  a d m i n i s t e r e d ,  e v e r y  c a r e  m u s t  b e  t a k e n  
t o  e n s u r e  t h a t  t h e  r a t e  o f  a d m i n i s t r a t i o n  i s  s l o w ,  a n d  t h e  
r a t e  o f  e l i m i n a t i o n  r a p i d .  I  a m  c o n s c i o u s  o f  t h e  f a c t  t h a t  
I  a m  m a k i n g  o u t  q u i t e  t h e  w o r s t  c a s e  a g a i n s t  c h l o r o f o r m ,  a n d
6 Mu. C l a i i k—Chloroform Anœsthesia.
t h a t  m a n y  i n d i v i d u a l s  w h o  u s e  i t  v e r y  f r e e l y  c l a i m  t o  h a v e  
h a d  n o  a c c i d e n t  f r o m  e a r l y  o r  l a t e  c h l o r o f o r m  p o i s o n i n g .  M y  
r e p l y  t o  t h a t  i s  t h a t  I  h a v e  k n o w n  o f  s e v e r a l  c a s e s  o f  
l a t e — c a s e s  w h i c h  h a v e  o c c u r r e d  s i n c e  I  h a v e  b e e n  s p e c i a l l y  
i n t e r e s t e d  i n  t h i s  s u b j e c t — w h i c h  h a v e  d i e d  a t  v a r y i n g  t i m e s  
a f t e r  o p e r a t i o n ,  f r o m  s y m p t o m s  i d e n t i c a l  w i t h  t h o s e  o f  d e ­
l a y e d  c h l o r o f o r m  p o i s o n i n g .  I n  s o m e  o f  t h e s e  c a s e s ,  w h e r e  
d e a t h  h a d  b e e n  d e s c r i b e d  a s  d u e  t o  “ s h o c k , ” post-mortem 
e x a m i n a t i o n  s h o w e d  c h a n g e s  i n  t h e  l i v e r ,  s u c h  a s  o c c u r  i n  
d e l a y e d  c h l o r o f o r m  p o i s o n i n g ,
[ G r a n t s  f r o m  t h e  C a r n e g i e  T r u s t  w e r e  r e c e i v e d  t o  d e f r a y  
t h e  e x p e n s e s  o f  t h e  a u t h o r ’s  r e s e a r c h e s  r e f e r r e d  t o  a b o v e . ]
O N  T H E  H A N G E R S  O F  L I G H T  A N Æ S T H E S I A .
By G. H. CLARK, M .B., D .P.H /,
:  ' y  - . '  A s m  , . X  ' '
E. P. CATHCART, M .D., B.So.
{Reprinted fro m  the “ Glasgoio M edical Journal,” A p r il , 19Î4-)
D angers  o f  L igh t A nœ sthesia .  3
i n c r e a s e d  C O g  c o n t e n t  o f  t h e  b l o o d  s t i m u l a t e d  t h e  s e c r e t i o n  
o f  a d r e n a l i n .  I n  t h i s  c o n n e c t i o n  t h e  f u r t h e r  o b s e r v a t i o n s  o f  
C a n n o n  a n d  H o s k i n s   ^ a r e  o f  c o n s i d e r a b l e  i n t e r e s t  a n d  i m p o r t ­
a n c e .  T h e s e ,  w o r k e r s  f o u n d  t h a t  s e n s o r y  e x c i t a t i o n ,  n e r v o u s  
e x c i t e m e n t ,  f e a r ,  a l l  c o u l d  s t i m u l a t e  t h e  s e c r e t i o n  o f  a d r e n a l i n .  
F i n a l l y ,  L e v y  s h o w e d  t h a t  a n o t h e r  f a c t o r  o f  g r e a t  i m p o r t a n c e  
i n  t h e  p r o d u c t i o n  o f  c a r d i a c  i r r e g u l a r i t i e s  w a s  t h e  m e t h o d  o f  
a d m i n i s t r a t i o n  o f  t h e  a n æ s t h e t i c .  I f  i t  w e r e  g i v e n  i n  a n  
i r r e g u l a r  a n d  i n t e r m i t t e n t  m a n n e r  t h e r e  w a s  g r a v e  d a n g e r ,  
o w i n g  t o  s u d d e n  c h a n g e s  i n  t h e  h e a r t  f r o m  a  c o n d i t i o n  o f  
h y p e r -  t o  h y p o s e n s i t i v e n e s s ,  a n d  vice-versa— a  s t a t e  o f  a f f a i r s  
w h i c h  r e n d e r e d  t h e  h e a r t  v e r y  s u b j e c t  t o  t h e  i n d u c t i o n  o f  
i r r e g u l a r i t i e s .
W e ^  h a v e  r e c e n t l y  s h o w n  t h a t ,  i n  t h e  c a s e  o f  t h e  r a b b i t ,  
u s i n g  e t h e r  a s  t h e  a n æ s t h e t i c ,  t h e  a c t i o n  o f  C O g  o n  t h e  h e a r t  
a n d  c i r c u l a t i o n  i s  p r a c t i c a l l y  nil  w h e n  t h e  a n æ s t h e s i a  i s  d e e p ,  
b u t  i s  v e r y  m a r k e d  w h e n  t h e  a n æ s t h e s i a  i s  l i g h t .  I n  o t h e r  
w o r d s  i t  w o u l d  s e e m  t h a t  d u r i n g  d e e p  a n æ s t h e s i a  t h e  e x t r a  
s e c r e t i o n  o f  a d r e n a l i n  a s  t h e  r e s u l t  o f  C O g  s t i m u l a t i o n  d o e s  
I  A n o t  t a k e  p l a c e .  A l t h o u g h  t h e  h e a r t  a n d  b l o o d - v e s s e l s  d o  n o t
3  o -  r e s p o n d  t o  C O g  i n  d e e p  a n æ s t h e s i a ,  t h i s  i s  n o t  d u e  t o  i n a b i l i t y
0) o f  t h e  v e s s e l s  t o  r e s p o n d ,  a s  w e  h a v e  s h o w n  t h a t  i n  a n æ s t h e s i a ,
S  •-< p u s h e d  u n t i l  t h e  h e a r t  b e c a m e  a f f e c t e d ,  t h e  i n j e c t i o n  o f
M ' a  a d r e n a l i n  c o u l d  s t i l l  p r o d u c e  i t s  c h a r a c t e r i s t i c  e f f e c t  u p o n  t h e
h e a r t  a n d  b l o o d - v e s s e l s .
I n  o u r  e x p e r i m e n t s  w e  i n v e s t i g a t e d  t h e  a c t i o n  o f  t h e  C O g  
- g  i n  t h r e e  d i f f e r e n t  w a y s — ( 1 )  o n  t h e  h e a r t - r a t e ,  ( 2 )  o n  t h e
a m p l i t u d e  o f  t h e  c a r d i a c  m o v e m e n t s ,  a n d  ( 3 )  o n  t h e  b l o o d -  
^  ^  p r e s s u r e .  W e  f o u n d  t h a t  w i t h  l i g h t  a n æ s t h e s i a  t h e  a v e r a g e
' o  d e c r e a s e  i n  t h e  r a t e  d u r i n g  t h e  a d m i n i s t r a t i o n  w a s  3 ‘7 5
• 2  m  c o n t r a c t i o n s  i n  t h r e e  s e c o n d s ,  a n d  i n  a m p l i t u d e  t h e r e  w a s  a
^  d i m i n u t i o n  o f  1 3  8 9  m i l l i m e t r e s .  W i t h  d e e p  a n æ s t h e s i a ,  o n
^ t h e  o t h e r  h a n d ,  t h e  a v e r a g e  d e c r e a s e  i n  r a t e  w a s  o n l y  0 T 9  
Q 0  c o n t r a c t i o n s  i n  t h r e e  s e c o n d s ,  a n d  i n  a m p l i t u d e  0  8 5  m i l l i -
m e t r e s .  A s  r e g a r d s  b l o o d - p r e s s u r e ,  w e  f o u n d  t h a t  i n  d e e p  
^  k  6  a n æ s t h e s i a  t h e r e  w a s  l i t t l e  o r  n o  r i s e ,  w h e r e a s  i n  l i g h t
‘43 ’i  a n æ s t h e s i a  t h e  a d m i n i s t r a t i o n  o f  C O g  b r o u g h t  a b o u t  a  v e r y
"S m a r k e d  r i s e .  T h i s  d i f f e r e n c e  i s  w e l l  s h o w n  i n  t h e  t r a c i n g s
^  B  g i v e n  b e l o w ^  : k  * _
te  T h e  f o l l o w i n g  r e c o r d  o f  o n e  o f  o u r  e x p e r i m e n t s  i l l u s t r a t e s
® ^  w e l l  t h e  v a r i o u s  p o i n t s  :—
o  S  A  r a b b i t  w a s  d e e p l y  a n æ s t h e t i s e d  w i t h  e t h e r ,  a n d ,  w i t h o u t
^  f u r t h e r  a d m i n i s t r a t i o n ,  w a s  a l l o w e d  t o  p a s s  g r a d u a l l y  f r o m
‘g  g  1 Cannon and Hoskins, Amer. JoMr. o / v o l .  xxix , p. 274.
" 2 Cathcart and Clark, Jour, o f  PhgsioL, 1913, vol. xlvii, p. 393.
4  D r s . C l a r k  a n d  C a t h c a r t — On the
t h e  s t a t e  o f  d e e p  t o  t h a t  o f  l i g h t  a n æ s t h e s i a .  O b s e r v a t i o n s  
w e r e  m a d e  e v e r y  f o u r  m i n u t e s .  ( a )  A n i m a l  d e e p l y  u n d e r  
( N o .  2  o f  t h e  s e r i e s  o f  o b s e r v a t i o n s ) .  F i v e  l i t r e s  o f  a  
m i x t u r e  o f  a i r ,  c o n t a i n i n g  1 2  p e r  c e n t  o f  C O g , w e r e  g i v e n ,  a n d  
t h e  e f f e c t s  r e c o r d e d .  T h e  t r a c i n g  b e l o w  ( F i g .  1 )  s h o w s  t h e  
c h a n g e s  t h a t  t o o k  p l a c e  i n  t h e  h e a r t  ( t o p  l i n e  a u r i c l e ,  s e c o n d  
l i n e  v e n t r i c l e ) ,  a n d  b l o o d - p r e s s u r e  ( t h i r d  l i n e ) .  T h e  b o t t o m  
l i n e  s h o w s  t i m e  i n  s e c o n d s ,  a n d  t h e  n e x t  m a r k s ,  b y  u p  a n d  
d o w n  s t r o k e s ,  t h e  b e g i n n i n g  a n d  t h e  e n d  o f  t h e  a d m i n i s t r a t i o n  
o f  t h e  C O g .  T h e  a u r i c u l a r  c o n t r a c t i o n s  a r e  s e e n  t o  i m p r o v e
F ig . 1.
Deep anæsthesia. Heart contraction and blood-pressure recorded simultaneously. 5 litre,s 
of 12 per cent CO,-air mixture. Intervals =  I t  secs. Total time =111 secs.
t h r o u g h o u t  t h e  a d m i n i s t r a t i o n .  T h e  v e n t r i c u l a r  c o n t r a c t i o n s  
d i m i n i s h e d  s l i g h t l y  a t  f i r s t ,  b u t  s u b s e q u e n t l y  r e t u r n e d  a l m o s t  
t o  t h e i r  i n i t i a l  s i z e .  T h e  b l o o d - p r e s s u r e  r o s e  v e r y  s l i g h t l y  a t  
f i r s t ,  a n d  a g a i n  s l i g h t l y  t o w a r d s  t h e  e n d  o f  t h e  a d m i n i s t r a t i o n .  
I n  a l l ,  t h e  g r e a t e s t  i n c r e a s e  i n  t h e  b l o o d - p r e s s u r e  i n  t h i s  
e x p e r i m e n t  o n l y  a m o u n t e d  t o  a b o u t  1 2  m i l l i m e t r e s  o f  H g .  
A f t e r  t h e  C O g  w a s  a l l  g i v e n ,  a n d  p u r e  a i r  s u b s t i t u t e d ,  t h e  
h e a r t  r a p i d l y  r e t u r n e d  t o  n o r m a l .  T h e  b l o o d - p r e s s u r e  o n l y  
r e t u r n e d  s l o w l y  t o  i t s  p r e v i o u s  l e v e l .  ( N o t e . — A s  a n i m a l s  
b e c o m e  l e s s  d e e p l y  a n æ s t h e t i s e d ,  t h e  b l o o d - p r e s s u r e  p r o ­
g r e s s i v e l y  r i s e s ,  a n d  vice-versa,) T h e  f i g u r e s  w e r e  ;—
Dangers of Light A nœsthesia.
Rate.
V en tr ic le
A u ric le in  3 seconds
Coniineiicement 
of experiment.
13 0
A m plitude.
V en tr ic le  ) average of 3 
A u ric le  /  contractions
H e ig h t  of lo w est poin t of 
v entricu lar contraction  
above th e  base lin e
B lood-pressure in mm. H g . 
above base lin e
4 6 ‘G mm.
Î
Middle of 
experiment.
13 0 
1 3 0
40 3 mm. 
10
76 0 mm. 84 0 mm.
25 0 mm. 27'0 mm. 
* 30  seconds later, 37 0 mm.
End of 
experiment.
13 0 
13 0
4 3 T  ram. 
3 0
80  0 mm. 
35 0 m m .*
{h) N o .  5  i n  t h e  s e r i e s .  T h e  a n i m a l  w a s  n o w  o n l y  l i g h t l y
Light anæsthesia. Heart contraction and blood-pressure recorded simultaneously. 5 litres 
of 12 per cent C0,^-air mixture. Intervals =  14 secs. Total tim e =  100 secs.
a n æ s t h e t i s e d .  T h e  h e a r t  w a s  b e a t i n g  w e l l .  A  s i m i l a r  
q u a n t i t y  o f  t h e  C O g - a i r  m i x t u r e  w a s  a g a i n  g i v e n .  I n  F i g .  2
6 D r s . C l a r k  a n d  C a t h c a r t — L igh t Anœ sthesia .
t h e  r e s u l t  i s  s h o w n .  B o t h  t h e  a u r i c u l a r  a n d  t h e  v e n t r i c u l a r  
a m p l i t u d e  r a p i d l y  d i m i n i s h e d ,  t h e  r a t e  s l o w e d ,  a n d  t h e  
b l o o d - p r e s s u r e  c o m m e n c e d  t o  r i s e  s o m e  t h i r t y  s e c o n d s  l a t e r .  
A f t e r  t h e  C O g - a i r  m i x t u r e  w a s  a l l  g i v e n ,  t h e  h e a r t  a m p l i t u d e  
r a p i d l y  i n c r e a s e d  t o  n o r m a l ,  b u t  t h e  b l o o d - p r e s s u r e  o n l y  
g r a d u a l l y  c a m e  d o w n .  T h e  f i g u r e s  w e r e  :—
B a te .
V en tr ic le  ) 
A u ric le  j in  3 seconds
Commencement 
of experiment.
13 0 
13 0
Am plitude.
V en tr ic le  ) average of 3 
A u ric le  |  contractions
H e ig h t of low est p o in t of 
ventricu lar trace above  
the base lin e  . ..
B lood pressure in mm. H g. 
above base line
54  3 mm. 
7-7
Middle of 
experiment.
8 0
8 0
2 1 7  mm. 
18
T8'0 mm. 1 0 1 0  mm.
52 0 ram. 68 0 mm. 
*  30  seconds later, 90  mm.
End of 
experiment.
8 0
8 0
2 T 3  mm. 
1 3
101 0 mm. 
77 0 m m .^
W e  c o n s i d e r  t h a t  i t  i s  n o w  p r o v e d  e x p e r i m e n t a l l y  t h a t  
s a f e t y  l i e s  i n  d e e p ,  a n d  d a n g e r  i n  l i g h t ,  a n æ s t h e s i a  ; t h a t  
c o n t i n u o u s ,  a n d  n o t  i n t e r m i t t e n t ,  a d m i n i s t r a t i o n  i s  e s s e n t i a l  ; 
a n d  t h a t  t h e  u s e  o f  a d r e n a l i n  i n  a n y  f o r m  d u r i n g  a n æ s t h e s i a  
i s  f r a u g h t  w i t h  d a n g e r .
[ G r a n t s  w e r e  r e c e i v e d  f r o m  t h e  C a r n e g i e  T r u s t  t o w a r d s  
t h e  e x p e n s e s  o f  t h e  a u t h o r s ’ r e s e a r c h  r e f e r r e d  t o . ]
A L E X H A C IW IG A L L  
G la sg o w .
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